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THE DEVELOPMENT AND EARLY ONTOGENY IN APHYOSEMION GARDNER I 
AND APHYOSEMION SCHEELI (PISCES: CYPRINODONTIDAE: RIVUUNAB) 

LudOk J. UOBRORUKA 

2oolugcckii zaiirada Dvfir K.ralov£, 544 01 DvOr Kr41ov6 n L., Czechoslovakia 


Abstract. The development of two species of Cypr.nodont fishes, l.e., Aphya- 
semioR gardneri and Aphyosemion scheeli, was compared and described in detail. 
The development of A. gardneri is longer than that of A. scheeit under the same 
conditions. The scalatloci in both species is of caudo-ora! type. In A, gardnerl the 
possibility of the arrest in the stage of the long somite embryo (diapause II.) and 
than again in the pre-hatching stage (diapause III.) was confirmed. 

INTRODUCTION 

Both investigated species of cyprinodont fishes which originate from West 
Africa ate quite common aquaria fishes. Aphyosemlon scheeli was described 
and separed from A. gardneri (Boulenger. 1911) by Rad da in 197(1 only 
(It a d d a 1970). mainly on the basis of different caryotype, seme morpho¬ 
logical and meristic characters and. coloration. In the popular literature the 
fish up to This time was known by the commercial name Aphyosemion *burun- 
di". Different populations of A. gardneri are in the nature different as well in 
form as in colour and were described as subspecies, e.g. A. g. rugerumum 
C-iausen. 1963. A. g. lacustris Radda. 1974. A. g menfens Radda. 1974, A. g. 
obuduense Wright & Jeremy. 1974 (see Radda 1975). According to Radda 
(1970) is A. schceli phylogenetical closely allied with -4. gardneri and A. santa- 
isabellae, as well as with A. calliurum. 

Aphyosemlon gardneri and Aphyosemion scheeli breed in aquarium willingly 
and the eggs are deposited in the bottom or in plants. During the spawning 
season, which in the nature may last the year round, the fishes spawn and 
produce a small number of eggs daily. According to Peters (1963). S c h e e I 
(1968) and Wourms (1972) Aphyosemion gardneri may be (sometimes?) 
annual, i e. that the species can exist over the dry season in the eggs stage only 
(Myers 1942, 1952). (A. gardneri = A. nigerianum in Wourms = A. 
calliurum In Peters). 

As to the developmental terminology of fishes we adopted those given by 
Balon (1969, 1975). More difficult is the question of definition of the stages 
of embryonal development. The stages given for Fundulus heteroclitus by 
Oppenheimer (1937) are not detailed enough and the very precisely 
defined stages given for Austro/undulus myersi by Wourms (197*2 a) are 
suitable for strictly annual species only because the stages of complete disper¬ 
sion and subsequent reaggregation of blastorneres are interponed between clea¬ 
vage stage and embryogenesis. Therefore. I prefer to indicate the stages in our 
species by words and note the equivalent stages of Oppenheimer and 
Wourms for comparison only. It may be stressed out, however, that some 
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small differences against accepted terminology ore present alike in both in¬ 
vestigated species, before oil in the late pre-hatching stage of the egg and the 
transition of the larval to the juvenile period. 

MATERIAL AND METHODS 

Two males and three females of Aphyvsemion gardneri and one male and three 
females of A. scheeli were obtained from the local dealer. Each group spawned into 
nylon fibre in 30 X16 X16 cm all glass aquaria during 3 (A. gardneri) and 4 
(A. scheeli) days. Water: 10—25*0:, pH 6.3—t).&, "dGH about 7 (carbonate 2,43.° 
sulfate 4,7’). The fishes were set into aquarium at ICh and the eggs collected from 
the nylon fibre every following day at 7h. At all, 52 eggs from *4. gardneri and 62 
eggs from A . scheeh wore collected and than water incubated in small petridishes 
placed in plastic boxes. The water of the same quality as above was used for incu¬ 
bation by the temperature 22 -25 *C with the moan temperature 24 "C. One drop 
(about 0,04 ml) of 4% acriflavin was given to about 200 ml water (resulting con¬ 
centration of eeriflavin about 0 . 0000 %) to suppress the growth of microorganisms. 
The eggs were in the dark except for breef exposure to light during observation 
and, manipulation All observations were made in vivo in enlargement 24X, 48X 
and 144X in transmitted and reflected light The larvae after hatching were studied 
under narcotization with 0,5% solution of urethan (cf. Buddenbrock 1960). 
The recovering was quick and safe in all instances. During incubation 8 eggs of 
A. gardneri (15%) and 5 eggs of A. scheeli (8%) decayed. 

OBSERVATIONS 

Because of the method of egg-collecting the early cleavage stages of the eggs 
could not be studied in all instances. Obviously, the eggs were collec ed in 
various stages of activated eggs (stage 2 of Oppenheimer or Wourms) 
or of blastodisc development (stage 3 and 4 of Oppenheimer or s:age 3 
of Wourms). Some eggs were in the two cell stage or four cell stage (stages 
4 and 5 of Wourms). The development from the stage of activated egg to 
•the two cell stage lasted about 2,5 h, up to the four cell stage about 3.5 h. 
Therefore, we must assume that the spawning of the fishes took place in the 
early morning only. The further development was quite equal in both spec es 
in investigation. The stage 18 of Wourms (or stage 11 of Oppenhei¬ 
mer), i.e. three-fourth owergrow-th of blastula. was reached after about 10 h 
and the stage 29 (stage 15—16 of Oppenheimer), i.e. early somite embryo, 
after 58 h. After reaching this stage the developing vary individually in the 
eggs. The total lime of embryonal development is shown in the Table 1. 

Our special attention deserves the egg of A. gardneri with the developing 
Time of 53 days. In rhis. egg the developmental arrest occured In the stage of 
the long somite embryo (stage 22 of Oppenheimer, stage 32—33 of 
Wourms or stage II. of Peters) at Ihe eage of 9 days. Ii is the obvious 
outstep of the diapause II. (Wourms 1972 b). The egg was arrested in this 
diapause for 23 days. After this period the eggs developed continuously to the 
50th day. at which time it was in the pre-hatching stage This was prolonged 
lo 7 days and Hie egg hatched on 53th day. 

In Rolojfia ogcidenlalis, the species related to Aphyoscmion, the arrest in 
diapausa II. has a duration of up to 50 days (Wourms 1972 b), according 
to Schecl (19G3) up to 100 days. In wuter-incubuted eggs of A. gardneri 
arrest at stage 43 {pre-hatching stage) is sometimes present and is considered 
to be an instance of diapause 111. (Wourms 1972). Our instance, however, 
confirms that in this species the diapause II. can be present as well (cf. Pe- 



Table 1. The lasting of inoabiitiun in days. 
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lers 1963). Such eggs, which not'd much longer time to develope 3S o:her are 
well known to aquarists which name them “resting eggs" (cf. Kolof f 1967). 
Unfortunately, we lack detail observation of such routinely incubated eggs. In 
the aquaristic routine the eggs of A gardneri are often incubated as that of 
annual species (Weber 1970, Tresnak 1978) and the diupause is. conside¬ 
red as arteficial subject to stress conditions (Sc heel 1968. W our ms 
1D72 c). 

Very interesting was the investigation of the heart frequences in embryos. 
After developing of simple tubular hear} it beats average 40inin~ ! and the 
heart-beats go up to 85—90 min 1 ir. the time of the branching of vena sub- 
vitellina (vena subintedinalts). Than. blood elements appear and the heart¬ 
beats slowed down to 65—67 min~’. In the following days the heartbeats acce¬ 
lerate again up to about 110 min" \ sometimes up to 150 min - * 1 (in A. scheeli) 
in the pre-hatching stage. The decreasing of the frequency o' heartbeats in ‘he 
period after branching of v. subintestinalis and with appearance of blood ele¬ 
ments in the vessels noted Ha Ion (1977) in Ixtbeotruphens, too. but. this 
phenomenon was apparently not observed in Lepomis jjibbosus or Ctchtaaonw 
y.yr:faxiiz'.iiTii (Ealon 1959,1960). 

In the “resting egg“ of A. garditeri the heart on the beginning of the arrest 
in the diapausa If boated 25 min" 1 . At the end of the arrest >17 heartbeats 
rum~ 1 were noted and with -the appearance of blood elements in the vessels 
they decreased to 36 man 1 again. At the time of pre-hatching phase we ob¬ 
served 115 beats min' 1 and during arresting hi this stage the heartbeats 
decreased lo 80 mm -1 . In Ihe time of hatching 112 heartbeats min -1 were 
stated. 

DEVELOPMENT IN THE LARVAL PERIOD 

a) The protopterygiolarva 

The newly hatched protop'.erygiolarva ot A. gardner i is 4.5—5 mm long, 
that of A. sckeeli about 5.5 mm long. The yolk is nearly total absorbed in both 
species and the larvae do eat immediately naupha of the brain-shrimps or 




cladocerans. The* caudal fin has ft lepidotrichia. The fin fold is complete on 
dorsal an well as on the ventral side (Fig. 1). On the third day the number of 
caudal lepidotrichxa increased lo 11 and the fin fold at, the levels on the future 



Fig, 1. Development of protopterygiolarvae up to the first stage of ptorygiolarva: A. gerdntri 
(ton) and A. tchttli (bottom). 
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Tub. 2. Inci-oaeing of tl»e number of lepidotriuhia in caudal (C). dorial (U) and anal (A) 
fins during the growth of pterygiofeu-vac 
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b) The pterygiolarva 

First lepidotrichia in the fin fold can be distinguished on the future anale at 
9 days in A. gardneri and 6 days in A. schceli, respectively. The further deve¬ 
lopment and lepidotrichia in caudate, dorsale and anale of both species is 
given in Tab. 2 and Figs 2 and 3. 

The fin fold was gradually absorbed and the fins separate. Very interesting 
is the late development of pelvic fins. They appear as a simple lobe at 19 days 
in A gardrtPTi and 12 days in A. scheeli. The development of pelvic fins is In 
retlation to the development of scales. They appear with the first row of scales 
and their rays appear after the whole body is covered with scales. 

The first row of scales appear on the posterior part of the body. First scales 
are visible on about the level of the oral end of dorsale and the row extends 
in both directions., but more quickly to the caudal end of the body. The second 
row develops in the same manner on the dorsal side of the first row. the third 
row on the ventral side of of the firts row. Three rows of scales are developed 
in A. gardneri in 20 days and in A. scheeli in 13 days. Than, again, the fourth 
row develops on the dorsal side of the second, and the fifth on the ventral 
side of the third al the age of 21 days in A. gardneri and 14 days in A. scheeli, 
respectweiy. At this time the scale A, eoveming the pineal organ on the top 
of the head, develops. The last rows of scales are the rows 6 and 7, developing 
above the 4th and beneath the 5th row of scales. With the occurrence of the 
first scales of the row 6 we can observe two other scales on the head, too 
Tliere are the E scales, on the 24 day in A. gardneri and 17 day in A. schceli 
On the day 26 in A. gardneri and 21 in A. schceli 7 rows of scales are full 
developed and on the head the scales G, D and C are visible. At the same time 
the first scales on the angulum of the giHcovers develop, too. The length of 
larvae at this stage is About 12 mm. The pterygiolarval stage ends and the 
juvenile stage of the fish begins. 


DISCUSSION 

a) Mortality during the embryonal development 

The correlation between water-hardness and mortality of fish eggs was 
studied in detail by Fran k (1973, 1974. 1975). Wc can compare before all hii 
investigations made on Roloffia roloffi, the close relative of the genus Aphyo- 



semion. In our species, however, the tolerance to the carbonate hardness is 
apparently higher than in Rolufjin. In the water of approximately same quality 
as in our investigations’the mortality in lloloffia was about 50% (cf. Fig. 9 in 
Frank 1974), but in our species the mortality in A. gardneri was 15% and 
in A. scheeli 8% only. 

b) Development in the early embryonic phase 

The development up to the stage of late gastrulu was shorter (about 10 h) 
than that of Fundulus heterochtus (about 20 h). as given by Oppenhei m e r 
(1937), in spite of a lower temperature in our investigation (19 25 n C against 
27 C C). We can observe some delay in the development, so 'that the early somite 
embryo stage was reached Inter in our species (58 h) than that of F. helero- 
cliius (about 30 h). The eggs ob both our species of Aphyosemion hatch at 
about The same time as the eggs of F. heteroclilns (in average 8-13 days). If 
compared with •the strongly annual species Auslrofundulus myersi (cf. 
W our ms 1972 a), only the early two- and four-cell stages were reached at 
the comparable -time but. the subsequent development was longer in annual 
Austro fundulus. It seems that the time of development of early stage of clea¬ 
vage eggs is the same or, comparable same in other species of fishes, too ( B a - 
Ion 1950 a, b. 1958, 19.19. 2963. 1977. Frank 1956) and just in the later 
stages of embryonal development spcicfic differences occur. 

c) Development in the larval period 

In both investigated secies the yolk was neraly lully absorbed and the 
larvae do eat almost immediately. This is not the case in all Aphyosemion 
species, on the contrary, most of them hatch with comparatively great yolk sac, 
which is absorbed in ,the period of some hours, up to two days in various spe¬ 
cies (unpublished investigations of the author). Detail knowledge about the 
development of various fishes is quite scarce and very little js known of the 
development of Cyprinnrfontklae. In most fishes the pelvic fins develop in the 
early stage of pterygiolarva, mostly at the end of the endogenous nutrition 
(Ah I strom & Ball 1954. Balon 1956, 1958, 1959, 1977, Balon A- 
Frank 1958. Frank 1956) but. it seems that the late dcevlopment of pelvic 
fins in Cypnnodonhriae is obvious (Oppenheimer 1973. Wourms 
1972 a). In the genus Simpsonichtkys, the pelvic fins arc absent at all even in 
adult specimens. 


SUMMARY 

The development in A. gardneri is longpr than that of A. scheeli under the 
same conditions, In A. gardneri the so called “resting cggs“ may dcvelope. 
which are arrested in the stage of the long somite embryo (diapause II.) and 
in the pre-hatching stage (diapause III.) again. The phase of the protopterygio- 
larva lasts 9 days in A. gardneri and 6 days in A. scheeli, the phase of ptery- 
giolarva lasts 26 days in A. gardneri and 21 days in A. scheeli. The scalation 
is of the cuudo-orul type and the first scales occur at the age of 19 {A. gard- 
neri) and 17 f.4. scheeli) days Af this time the pelvic fins develop in The form 
of simple lobes. On the lop of the head the scale. A is visible in 21 days in 
A gardneri and in 14 days in A scheeli At 24 days (A. gardneri) and 17 days 
(A. scheeli) the E scales develop. Scales G, D and C occure at the age ol 26 
(A. gardneri) and 21 (A. scheeli) days. At this time of transition to the juvenile 



stagp the fish have 7 rows of scales and the first scale; on the gdl cover* 
develop Only just now the. pelvic fins develop -the lepidotrschia. 
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A CASE STUDY ON THE REPRODUCTIVE CAPACITY OF COMMON CARP. 

CYPRINUS CAUPIO (PISCES: CYPR1NIDAE) PROM INDIA 

A. K DOBRIYAI.'. A. K RAHUGUNA’. C n. KOTNAI^ 1 , N. KUMAR' 

and H. R. SINGH 2 

'Department of Zoology, Garhwal University Campus. Pauri Garhwal — 246 001. 

U. F.; 2 Dept of Zoology. Garhwal University, Srinagar Garhwal — 246 174, India 

Abstract. The paper deals with the reproductive capacity of common carp Cpprinus 
carpio Linnaeus wth.ch is an important member of the composite tisli culture system 
in India. The total Iccundity ranged from 3,127 in a fish mceiuring 20 mm in total 
length, 315 g ir. body weight and 65 g in ovary weight to 298,92L in u fish measuring 
556 mm in total length, 2.80 Kit in body weight and 54b g in ovary weight. A straight 
line relationsliip was obtained between the fecundity and other body parameters 
alter fitting the straight line equation. The study showed that the fecundity and 
fish weight relationship was more closely related fr = 0.9494) than the fish length 
(r — 0 9458) and ovary weight (r = 0.7657). 


INTRODUCTION 

Composite fish culture is a widely accepted system of fish farming through¬ 
out the world which yeilds maximum production in any water body. Cypr'mus 
carpio Linnaeus (var. communis) is one of the important member of this system 
alcmgwit CaUn ratio, Cirrhinus mrigala, Lob?o rohita, Hypophthalmwhtkys 
molitrix and Cienopharyngodon idellas. The fish is reaerd at Gujartal Fish 
Farm, where the present study wa.s made by the senior author in 1983. 

C. carpw was brought to India in 1657 from Bangkok (Jh in gran, 1682) 
and was distributed all over India for culture by CIFRI. It is voracious omni¬ 
vorous with fast growth and is prone to artificial feed Some important contri¬ 
butions u> the biology of common carp in India are made by Aiikunhi 
(1686). Aiikunhi and Chaudhury (1959). 11 o r a and P i 11 a y (1962) 
and Parmeswaran el ul. (1972). Present communication deals with the 
fecundity of common carp at Gujarlal fish farm, Jaunpur. India and its 
relationships with different body parameters. 

MATERIAL AND METHODS 

Twenty six mature specimens of C. carpio were selected and all the body measur¬ 
ements were recorded In fresh condition. The ovary of each fisch was dissected and 
preserved in 5% formalin solution. The fecundity of fish was recorded by gravi¬ 
metric count method and studied in relation to total length, body weight and ovary 
weight of the fish. For the total fecundity estimation. 3 random samples of it) am 
each were taken from the anterior, middle and posterior regions of each ovary of 
each specimen The number of ova in each sample were counted under a binocular 
microscope and total number of eggs in each ovary were estimated by the following 
formula: 

F = S X OW/lOO 

where F = fecundity, S ~ average number of eggs obtained from 6 different samp¬ 
les nf 18ft mg each and OW = total weight of ovary in Mg. The relationship between 



fecundity and ether body parameters were* obtained by plotting the original values 
ill, a scattered diagram and after getting a curvilinear pattern, the values were con¬ 
verted into their respective log values and a straight line relationship was obtained 
by the method of least squares tie. Log Y — Log a + b log x). 

RESULTS 

Fecundity and fish length 

The relationship between ferundiLy and fish length is shown in Fig. 1. The 
number of ova varied from 43.127 for a fish of 250 mm to 298.921 In the fish 


LOG OF FISH LENGTH 
2.7 l A 2.4 2.8 



measuring 553 mm. The relationship between fecundity and total length was 
observed to be as: 

Log F = 0.033417 4- 1.925 FL (r = 0 9458) 

where F = fecundity. FL — fish length and r = correlation coefficient. 
Fecundity and fish weight 

The relationship between fecundity and fish weight is represented in Fig. 2. 
Egg production ranged from 43.127 in a fish of <1.315 kg to 298.921 in a fish 
of 2.85 Kg. The mean values of relative fecundity ranged from 0.68672 to 
1.79105 Kg body weight The fecundity — body weight relationship can be 
expressed us: 
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Lor F = 3.0289 + 0.68135 FW (r = 0.94946) 
where FW = fish weight. 

Fecundity and ovary weight 

The relationship is expressed in Fig. 3. Egg production ranged from 43,127 

LOG OF FISH WEIGHT 
7A 7.6 7.8 3.0 3.2 3.4 



F5g 2. Relationship between fish weight and fecundity in C. carpio. 

in an ovary of 85 g to 298.921 in an ovary of 545 R. The fccundity-ovary weight 
relationship can be expressed as: 

lyjg F = 3.9434 + 0.46G97 OW (r 0.76575) 
where OW = ovary weight 

Gonad o- soma tic index 

GSI of each fish was calculated and it was found that fish ranging from 
300—400 mm in length Rot the maximum GSI. ie.. 24.5 (Fig 4). 

DISCUSSION 

Cyprinus cvrjAo attains sexual maturity at different age and size in different 
parts of the world. lr» Japan it attains maturity in the second year (Matsui. 
1957). in Israel in the first year (Sarig. 19G6) and in Malaysia only in 
6 months (Busch k i e 1, 1933). In India the fish attained sexual maturity 



within 6 months in the plains (Alikunhi, 1986) but in tarain region of 
Shiwalik Himalayas, it took 10 months time to become mature (Singh and 
Singh, 1579). The fish selected /or the present study were more than one 
year old. 

The fecundity of fish has already been studied by several workers (Clark, 
1914; Khan. 184a; Varghe.se. 1973; Singh et al., 1982; Dobriyal. 1988). 
In C. cfirpic: the fecundity ranged from 43-127 in a fish measuring 250 mm in 
total length. 315 g body weight and 6b g ovary weight to 298.921 in a fish 


LOG OF OVARY W€iGHT 
1.8 2.0 2.2 2 A 16 



OVARY WEIGHT (g) 


Fig. 3. Relationship between ovary weight and fecundity in C. curpiu. 

measuring 550 rnm in total length. 2.85 Kg in weight and 545 g in ovary weight. 
The relative fecundity calculated for C. cup.c. ranged from G8.672 to 179.105' 
Kg body weight. Alikunhi (I9f>6) observed the fecundity ol common carp 
in a range of 437—941/ g body weight which is quite high in comparison to the 
present observations. Novak and Kostomarov (1537) have stated thai mature 
ova of common carp were of 0.9 to 1.0 mm diameter in Czechoslovakia. The 
present study (ova diameter 1.0 to 1.5 mm) revealed that under Indian con¬ 
ditions the nvp. are much larger which supported the idea of Parmeswa- 
raa et al. (1972) 

7n C. carpm.ihe fecundity increased wi.k an increase in the body parameters. 
A curvilinear relationship was observed between the fecundity and other body 
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parameters which was converted into a straight line after converting the 
values into their respective log forms. There are several reports on the straight 
line relationship between fevundity and other body parameters (B age rial, 
1957; Sarojini, 1957; Dobriyal. 1988), However, the curvilinear rela¬ 
tionship has also been reported by Varghese (1976), 
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Fig. 4, Conado s<*notic index of mature females at different length groups In 
C. carpio. 


The study showed that the fecundity and fish weight relationship was more 
closely related (r = 09494) than the fish length (r = 0.9458) and ovary’ 
weigh’, (i — 0.7657). 
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FORAMEN MAGNUM AREA IN BIRDS 

Jici MMKOVSK? 

Department of Evolutionary Riology, Czechoslovak Academy of Science*. • 
Sekaninova 28. CS— 128 00 Praha 2, Czechoslovakia 


Abstract. A review of the foramen magnum area in birds is presented. 
Overall, data on Hie foramen magnum area are given for 174 extant species belong¬ 
ing to 42 families of birds Allometric relationships between the foramen magnum 
area and the body size and between the foramen magnum are3 and the brain size 
are estimated in 6 families of birds and In non-Passeriformes as a whole. 

INTRODUCTION 

Body elements are generally known to scale interspecifically with the body 
si2e (Rohr >1939, 1961. Gould 1966). This applies also to the nervous 
system, particularly :he brain ( Jerison 1973. S z a r s k i 1980, and many 
others). 

In birds, uUometrie relationships of the brain size to the body size were 
recently summarized by Mltkovsky (1989 a-c, 1990). However, no such 
study exists thus far Cor the foramen magnum area in birds, although Wie- 
denleld (1985) established that it is closely correlated with body mass at 
the interspecific level This relation was for the first time found Ln mammals 
by Radinsky (1967) who stressed its importance for comparative neuro¬ 
logy by pointing out that the foramen magnum area is highly correlated with, 
though larger lhan. cross-sectional area of medulla, approximately at the po'nt 
where medulla oblongata transgrades mto medulla spinalis. In the present 
paper. a first review' of the foramen magnum area in birds will be presented, 
with special respect to -the relation of the foramen magnum area to the body 
size and to the brain size. Anatomical nomenclature follow’s Baumel et al. 
(1979) throughout the present paper. 

If should al*o be noted here, that foramen magnum is an important osleo- 
logieal feature of the occipital part of the avian skull. Tins region received 
remarkably less attention from morphologists thus far. Important exoep ions 
arc the Duijm's (1951) discussion of 'the inclination of foramen magnum 
in relation Co the .skull basis and the Goed bloed's (1958) comparative 
study of the condylus occipitalis in birds. 

I thank R. Piechocki (Halle Saaie), G. Maucrsberger and B. Stephan (Berlin) and 
J. Hanzaic and I. Heraft (Praha) for permissions to study avian skulls under their 
care. 

MATERIAL 

All the skeletal material investigated in this study is from the collections of the 
Department of Zoology of the National Museum in Praha, Czechoslovakia; the 
Institute of Zoology of the Martin Luther University m Halle (Saaie). East Germany; 
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Fig. 1. Relationship between the foramen magnum area (Y axis) ar,<l the body mat* (X an*) 
in birds. • = noii-Paw-oriformes, o - Fasseriformc*. See Table 1 for exact data 


and the Museum of Natural History of the Humboldt University in Berlin, East 
Germany. A complete list of measurements is given by Mlikovsky (1985). 

Measurements were made on 523 skulls from JOG extant species belonging to 
41 different families of birds. These measurements were supplemented by the data 
published hy Stephan (1979) on the foramen magnum in penguins. The aggro 
gate data contains estimates of foramen magnum area in 554 skulls from 174 species 
belonging to 42 families of birds. 


METHODS 

Maximum dorsoventral and transversal diameters of foramina magna were me¬ 
asured with a sliding caliper to an accuracy of 0.1 mm. Using these measures, fora¬ 
men magnum area was calculated according to the formula for the area of ellipses 
(Bartsch 1981). For methods of estimating body size and brain size see Mli- 
kovsky (1989 a). Note that data on bmin size given In the present paper may 
differ from those given by Mlikovsky <1989 a—c, 1990). This Is because only 
those brain size estimates were used here when foramen magnum area was estimat¬ 
ed for the same skull. The few exceptions are mentioned below. 

Foramen magnum urea was expressed as a function of body size and brain size 
by allonjctric equations F = b. S ,f und F b. E”, respectively, where F is foramen 
magnum area (mm 2 ), E is bruin size (volume; cm 3 ), S is body size (mass; g). a is 
ahometric exponent or slope and b is intercept. The allometric equation is linear 
after logarithmic taxasformation. The coefficients a und b appearing in all ©metric 
equations were determined by the reduced major-axis analysis (see Seim and 
Saether 1983) 

Correlations between variables were tested for significance using Olkin and 
Pratt's (1958) modification of the Bravais’ correlation coefficient (r*>. Statistical 
comparisons were calculated according to standard formulas (Sachs 1974). In the 
following, a 5% probability level is taken as significant for Type I errors (cf. 
Sachs 1974: 96). 
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Table 3. Foramen magnum hu b iii birds, n — number of moasurwl ikull.-’ (figoie-s ic pemiitheges 
i-.ff for brain mse estimate*, if different). S body area (el, FI s- brain ntze (cm 3 ). F - foramen 
magnum area (mrn a ). Ail measurement* an* by the author, except of tlioeo of the foramen magnum 
area u. tlie Splieniacidae which were taK«m from Stephan (1979). The eoquenre of families follow* 
Stour (1071). species limits arc after YY niter* (1975 10X2) 


Taxon 

a 

S 

E 

V 

TiniMniflae 

CryplvreUua loiii 

1 


1.9 

10.5 

CnjfXurellus taxi’>pu 

1 


1-1 

11.7 

T’odicipedidae 

1 ‘odictpa fru«iffi!MU 

6 

720 

3.05 

20.8 

1 ‘odictps crifiat-is 

y 

1 070 

•1.8 

34.0 

Uvdictp* uuritw 

i 

480 

2.4 

25.0 

Podit*p* nu/riecUi# 

i 

330 

1.7 

19.2 

Tachybapte* ruf.coUia 

13 

200 

1.6 

ifi.S 

Spheni&cidae 

A pttiicrlyUs JottUrl 

4 

32 000 

44.3 

176.7 

AptfwiyU.s palagonieua 

3(1) 

10 000 

28.3 

142.8 

Eudjfpto thrysokfAa/* 

1 

4 200 

13 0 

84.6 

Eudyplt* creatalv* 

3(1) 

2 600 

13.5 

91.8 

Pyqwik adeliae 

2 

5000 

17.5 

90.6 

Pyqotrelitt papvii 

8(3) 

6 200 

J 8.5 

107.3 

Sphei'is&u hu’iUiohU, 

2 

4 200 

17.3 

9'J.fl 

Spha i fee ua dime r*u* 

8(6) 

2 700 

13.7 

81.0 

Procellariidae 

DU/nudta sp. 

1 


27.5 

113.0 

Fulmar ua glacial'* 

1 

700 

7.0 

46.9 

Sulidac 

Svlo bataana 

3 

3 200 

195 

82.8 

Pia ..cr«x’&racid t»e 

PhaUcfTo^jrar pygiaie.ua 

2 

700 

4.2 

27.8 

Phtikicracttrax cafbo 

14 

2 100 

10.8 

46.0 

Ananrirbio 

A 1 ,- 1 / roA.t* rff.-N pduutfa 1 

1 

2 200 

0.5 

69.1 

Cygnus rggum 

1 

0 000 

1C.0 

74.2 

Cygtuua 

6 

10 500 

14.B 

80.2 

(JcACvrcfia toAcOroba 

2 

3 600 

9.26 

58.1 

Anaer eyyiandca 

1 

3 600 

12.0 

65 7 

A n**r fabalia 

3 

2 800 

12.0 

38.8 

Anaer erytknptu 

2 

1 860 

0.8 

46.6 

A'lmr unmi 

3 

3 350 

11.2 

33 3 

Urania icucopais 

1 

1 760 

8.0 

44.8 

Urania berniiUt 

2 

1 400 

HI 

46.6 

Urania nificcUit 

2 

1 280 

6.1 

35.6 


coot. 




Tuxoti 

n 

•S 

B 

K . 

Ctrtop*i* novaekotfaritlia* 

1 

3 .100 

0.0 

48.4 

Chiefphaga p:ctc 

1 

2 .130 

6.5 

43.6 

Alepochen atgyptiaeva 

y 

2 300 

7.1 

56.7 

Ttufenui tadomn 


1 100 

5.3 

36.9 

Todama JemtffiiiM 

i 

J 2.10 

4.9 

37.4 

Anns peneiope 

i 

740 

1.4 

337 

Anas sire peril 

*1 

650 

3.4 

28.8 

-1 new 0 recca 


325 

2.7 

SI.9 

Amu querqueduia 

3 

330 

2.5 

20.1 

A i^ia luzonie a 

2 

950 

5.0.7 

37.4 

Amis plaiyrhynehos 

3 

1 100 

5.9 

44 7 

A mxb clyju nUt 

2 

610 

3.45 

28.1 

Aetiu rajtun 

5 

1 160 

4.0 

38.4 

Ayttryti jtriua 

2 

3.10 

5 4 

29.4 

Aythya eollanr 

I 

700 

4.7 

37.9 

Aythva worila 

1 

1 000 

5.3 

45.3 

Sotnaierta moUtssima 

•1 

2 000 

9.0 

54.2 

C ‘inngido hyemalis 

\ 

650 

5.8 

40.1 

MilaniUa nigra 

8 

980 

5.9 

43.4 

MiUt-irUa fuse/i 

2 

1 500 

7.7 

56.4 

Muecfitola clanguhr 

I 

&00 

6.0 

47.2 

M try us , 1 ibelhu 

1 

650 

4.0 

35.6 

.Veryit# nerntior 

2 

i 050 

5.1 

33.6 

Mcrgu# merganarr 

2 

I :mo 

6.7 

45.4 

Pbopiiicopteririuo 

PhntnwopUrv* rubrr 

2 

3 000 

103 

54.1 

Ardeulo* 

Botaurua xUMsirU 

3 

1 150 

6.5 

29 4 

Ixobrychus minutu* 

1 

170 

1.6 

13.8 

Ayaicorox nyrlievrax 

*) 

650 

5.15 

24.9 

Ardeela ibis 

*> 

340 

3.7 

20.8 

Ardecla ralUndr* 

2 

ISO 


16.1 

Ardea cinertn 

•H 

l 500 

8-25 

31.1 

BgrtUa ganetta 

•> 

500 

3.35 

22.2 

Caamrrodiiu albus 

1 

1 100 

6.0 

29.2 

Thruskiomiltiid&o 

PUffadu falcineilvs 

2 

690 

4.45 

28.6 

PltUdlea leucoroJm 

2 

1 700 

10.75 

51-2 

Ciooniidae 

Cicoitia nigra 

4 

2 700 

11.9 

45.3 

Ciconia abdimti * 

>12) 

1 450 

8.25 

37.2 

Ciconia epiteopu* 

1 

2 250 

10.5 

42.8 

Citronia ct'ctrail 

14 

3 300 

15.4 

55.9 

CathartidM 

Coragypa <U'aiu.i 

*> 

1 900 

10.0 

49.5 

Vultur gryphus 

1 

11 000 

31.5 

122.5 

Sarcoramp/toa papa 

1 

4 500 

21.0 

72.3 


uont. 


100 




Taxon 

ft 

8 

E 

F . 

Af")piU*i«lar 

Hyp s fulvHS 

1 

7 500 

26.5 

100 3 

Gypnetua baroatu* 

2 

6 000 

24.25 

88 7 

IMineetur aibictUa 

4! 

5 000 

19.0 

73 0 

Ilalirttrtus trtuveeyhalus 

•i 

5 000 

18.25 

70.0 

JUi/vus mill*™ 

3 

1 100 

8.2 

43.4 

Mihnu migrant 

R 

b&t > 

7.25 

45.0 

ytrtuH apworus 

3 

. 750 

7.J 

39.6 

jbsdpitur ijen(ih\i 

10 

1 000 

7.93 

46.0 

Arfipsttr til fits 

7 

200 

2.9 

24.3 

BtUto iagvpu# 

a 

i 000 

9.0 

45.7 

bulro 

12 

3 000 

* 4 

46.2 

Aqnila chry*aeif,p 

3 

- 4 500 

17 3 

66.7 

Ayuila flunga 

1 

2 200 

1 1 .A 

56.4 

Agutin }M>marititi 

2 

I 600 

10 76 

55.1 

Cite us or rxi/fi >' vru,< 

5 

600 

o.B 

311) 

Cirrus cyaneus 

8 

45') 

4.0 

29.2 

Pondirrt haliottus 

l 

1 600 

90 

30.7 

Falcor.iciac 

falco prregr-'itut 

1 

800 

6.2 

32.6 

Falco rftivmbanus 

3 

190 

2.8 

23.3 

Valeo tinnuncvlu* 

3 

200 

4.0 

26 4 

Valeo vespertinv* 

1 

160 

2.7 

31 3 

Falco SUbbUKO 

1 

240 

3.6 

37.0 

Cracidae 

Crux alt dor 

1 


7 0 

44.2 

FhaaiankUc 

Tilrnttts bonofta 

1 

400 

17 

17.7 

by rums :«trix 

) 

J 080 

3.7 

20.2 

Tdra: urogaUut 

2 

4 50(1 

3 0 

30.0 

J’ovc f HsUtUts 

1 

4 000 

50 

40.7 

Chrysoiophus pictus 

J 

600 

2 7 

21.2 

y host onus cotchievs 

s 

J 500 

3.7 

29.1 

VrossoptUo-> uvruvj 

1 

I 730 

5 0 

34.2 

Coitus grUlus {wild} 

1 

650 

S-l 

35.2 

l‘<r£ix prrdi.r 

* 

400 

.1.75 

10.9 

Coturnir eoturuU 

l 

ao 

07 

9.2 

MekagrU {fcllopauo 'wl'd) 

1 

4 000 

6 0 

43.6 

KiUlid&e 

Ponantc portana 

1 

80 

10 

12.3 

(Jolt inula cMoroyut 

l 

280 

1.0 

25.5 

V ultra um<n'c<in4 

1 

430 

2-0 

25.4 

Fuiiea utro 

4 

050 

3.4 

27.4 

Hoi iormti udar 

Htlicriiis fuitca 

1 

IS 5 

1.4 

22.5 


coat. 
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Taxon 


n 


E 


F 


8 


Croklae 


Gnu yrus 

3 

5 oOO 

18.5 

83.8 

AntftTopoHes virgo 

f. 

2 5oo 

0.4 

42.0 

Bnc/r pavonfna 

4 

3 250 

1.1.0 

58.fi 

P*cpluidac 





Psophia crepitans 

1 

1 Ol>0 

5.8 

III 






Ofu i Utrrfu 

17 

<5 SOO 

10.6 

82.0 

Hsoimiiopodidae 





tfaemalopiu ostralegus 

1 

450 

4.0 

24.8 

Rocurvirostruiac 





Bef.urviwtra avi cello 

1 

140 

1.0 

20.5 

Clmnuiriutur 





Fuilfllt** i‘nu'V.rtn 

1 

200 

2.2 

20.3 

Scolnpncidae 





Scot'/p-w -rutiid’la 

4 

210 

2.4 

25.2 

Philomttchili pnyrhtx 

1 

155 

1.4 

11.8 

GaUinOgO QilUinago 

2 

110 

1.15 

17.0 

LpimuK.ryfitt* minimtu 

1 

00 

0.0 

11.6 

yumeniiu arqwiln 

I 

7»W 

4.4 

29.4 

A(liiis hypoUucoi 

I 

50 

0.7 

9.0 

Laridae 





Lams canus 

i 

450 

1.7 

240 

Lams ndttnt’tiu* 

i 

300 

2.8 

18.7 

titerno hirundo 

1 

J35 

1.7 

<5.7 

Ali'idao 





CrprJius grylU 

2 

430 

3 05 

2«0 

L/m: ttutyt 

i 

1 050 

5 4 

49.9 

G’tiviidtM- 





Oil’ll’ ulelinUi 

1 

1 800 

GO 

428 

lift tv'll 

10 

2 300 

7.5 

82.3 

('olumbiiLm 





Gourtt a urtiiLi 

, 

2 200 

5.7 

338 

Zeiutuhin* iruvryuoi 

1 

120 

1.1 

15.5 

Sire,A'fpitui tuilnr 

1 

125 

14 

l«3 

StrepUtprliu tlcciipolo 

1 

270 

I.t 

14.5 


coot. 


Taxon 


n 


E 


V 


$ 


PniUacidae 


For put pat»<nniu 

1 

2D 

1.0 

9.5 

Ayapcmia puUtirrtM 

1 


1.4 

10.7 

Aiu/tlorhijnchu* hyatinthinu* 

I 


24.5 

59.7 

BsiiUrcus erifftam* 

I 

350 

8.0 

30. B 

fttCwiJa alrxrnittri 

3 

125 

3.6 

19 6 

Trirhoqlti&'rut haemiilodt** 

4 

150 

2.4 

14.8 

ytutgccayu* rximius 

1 

no 

2.5 

16.6 

f’latffcfrruir r.l-r/rtn* 

Cueutkl&e 

1 

135 

3.7 

14.7 

CUtinalor gltirufariu* 

1 

135 

1.7 

14.3 

C'UU/Ju.1 f'lli orui* 

K9J 

120 

1.6 

15.6 

Strip.ua c 

Tyto alba 

1 

375 

5.0 

21.4 

Aito CM* 

*5 

270 

0.0 

21.6 

i Strix tiluco 

10 

500 

9.0 

30.3 

Bubo pOt»*i* 

1 

l -*50 

0.0 

36 I 

Bubo Virginiant* 

1 

l 500 

19.5 

47.1 

Bubo bubo 

22 

2U00 

17 4 

58 9 

Bubo c apemis 

I 

1 -*00 

Ji.3 

38.8 

JVjKfca scandiain 

1 

1 WW 

18.0 

53.4 

Atktv.t r.ocfuit 

l 

120 

4.5 

18.7 

yihOX icutuioia 

1 

220 

3 1 

20.2 

Apo<lidae 

A pus aptis 

I 

40 

0.8 

12.2 

Alcedinidae 

Alredo allbit 

1 

40 

0.8 

8.7 

Coraciidac 

Coracios ynrriUiu 

1 

160 

1.8 

14.2 

Ujmpidae 

Vpupc epopt 

1 

60 

1.3 

11.0 

B*impba« ulno 

Riimphaston tucanus 

l 


5.0 

24.5 

I’icidao 

Dendrocopos major 

3 

85 

2.4 

13.7 

Blau viridu 

1 

200 

3.9 

24.7 

lhyoccpus vuirtiua 

1 

250 

8.0 

28.7 

Jyux toryuMa 

I 

35 

0.8 

3.3 

oont. 
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Taxon 


JSurylurmittoe 

Cfpnbi/hyn'h •<■« m a cvii rhi/nrhu* 

Cotircirt«e 
PyrtHftru* tauatvs 

TyrAnnidae 

Colon So cotcmis 

Corvidae 

Corpus ronix 
Cfrt-i>9 dwriettmis 
C»nun eofo'ir 
Cor,^n fntrrileguo 
Cvf’t'hin ybtrr<htrnt# 

Pirn pica 


a 5 K F 


1 

1 4 

14.K 

2 

4.43 

23.3 


i 


1.3 

12.0 

41 

1 130 

14 6 

47.7 

1 


O.U 

23.7 

3 

470 

8.7 

31.2 

•* 

440 

7.6 

33.1 

2 

170 

3.93 

ia.4 

1 

210 

5.2 

21 1 


•| tacluik«l fi-um the calcutu'. ions f«»r Ufw' family Anaoriiino. 

*) Hthiii oiac und foramen miignum «vreu ctaunanrd on different t,Uull«. 


RESULTS 

The data wero sufficient for calculation of regression equations in 6 families of 
birds and in non-Passeriformes us a whole (Figure L. Table 1). The results are pre¬ 
sented below. 

in Spheniscidae, iorauicu magnum area positively correlated with both body 
size (r* — 0.976, p< 0.001) and brain size (r* = 0.975, p< 0.001). Their alio- 
motric*. relations are F = 0.792 S 0 - 313 - 0 0326 and F - 16.232 Eci.muo.d 651. respectively 
(a = 8). When the effect of body size is removed by the partial correlation analysis, 
foramen magnum area and brain size ceaze to lie correlated (r* kk.:« — 0.497, n.s.J. 

In Ardeidne, foramen magnum area is positively correlated with both body size 
(r* 0 988. p < 0.001) and brain size (r* — 0.990, p < 0.001). Their allometric 

relations are F = 2.472 S«.«5a*o.iK5i an d F_ 10.852 FA«s±C-WK respectively 
(n — 6). Foramen xuagiium area and brain size are positively correlated even when 
the effect of the body size is removed (rVi:.s ~ 0.794, p <' 0.05). 

In Anseridac, foramen magnum area is positively correlated with both body size 
(r* — 0.885, p < 0-001) and brain size (r* = 0.943, p < 0 001). Their allometric 
relations are F = 2.443 and F — 12.449 E0.075tQ.0M7, respectively 

<n — 34). Foramen magnum area and brain size arc positively correlated even when 
the effect of the body size is removed (r*n?.s — 0.704. p < 0.001). 

In Accipitridae, foramen magnum area is positively correluted with both body 
size (r* — 0-980. p < 0.001) and brain size (r* — 0.98-1, p < (1.001). Their allometric 
relations ure F - 3.200 S‘>. a!5 -i o nTB » and F — 11.074 Eo «42*o.oaoa ( rcapoctivoly 
{n = 17). Foramen magnum area and brain size are marginally positively correlated 
even w hen effort of the body size is removed (r^FE.s = 0 468. p < 0.J). 

In Phasianidac. foramen magnum area is positively correlated with both body 
size (r* = 0.958, p < 0.001) and brain size (r* = 0 969. p < 0 001). Their allomctric 
relations are F 1.585 S0.4W±o.wn and F— 11.528 respectively 

In II). The correlation between foramen magnum area and brain size approaches 
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significance even when effect of the body is removed (r*n*.s 0.022, p < 0 . 1 ). 

Jn Strij/idae, foramen magnum area is positively correlated with both body size 
(r* = 0 977, p < 0.001) and brain size (r* = 0.90G. p < 0.001). Their allonjetrie 
relations are F - *2.52.1 S*».w*m» 17 an d F - 7.577 E«-“« «►■<»«*. respectively (n -- 
10). Foramen nmgmim area and brain size are positively correlated even when effect 
of the body size is removed lr*j-E.s 0.784. p < 0 05), 

In non-Passeriformes, as a w hole, foramen magnum area u. positively correlated 
with both body size (r* =-• 0.932, p < 0.001) and brain size (r* -- 0.954. p < 0.001). 
Their allomernc relations an: F — 1.799 f> w l39lO U1 - 8 and F — 11.001 £"•«wi«.o«5a > 
respectively |n = 159). Foramen magnum area and bruin size an* positively corre¬ 
lated even when effect of the body size is removed (r*pe s — 0.811. p < 0 001). 

DISCUSSION 

As expected, foramen magnum area was found to be correlated both with 
body size (see also Wiedenfeld 1985) and with brain size which itself is 
known to be closely related to body size in birds (Mlikovsky 1989 a-c. 
1990 . Because the relation between foramen magnum area and brain size could 
have been caused by common dependence on the body size. I removed its effect 
using partial correlation analysis The results showed that even after this 
removal, foramen magnum area and brain size are positively correlated. The 
only exception found was the Spheniscidae (penguins), but 1 consider this an 
arTifart. because in this family foramen magnum area and brain size were* 
measured on different skulls, which fact may well have obscured the subtle 
partis! correlation between foramen magnum area and brain size in this 
family This finding means that higher encephalizcd birds possess also relati¬ 
vely larger foramen magnum and, hence, relatively more massive medulla than 
less encephalized birds. 

Another point cl interest was whether the correlation* between the tnree 
studied variables are equal, or differ from each other. Comparisons (performed 
for non-Passeriformes as a whole) revealed that the brain size is more closely 
correlated with the body size than 'the foramen magnum area (z — 18.011, 
p 0.091), but no such difference was found between r*, E and r* r -, (z 1-827, 
n.s.). which indicates that foramen magnum area is equally well correlated 
with body size as with brain size. Not surprizingly, r' )ts is significantly lower 
than r" t . (z = C.C13. p 0 . 001 ) which reflects the removed effect of rhe body 
size in r’ r ?'- After this removal, brain size expluins approximately 66 °o o£ 
the observed variability (the value was 91 n n before this removal). Taken 
together, body size and brain size explain 95% of the observed variability of 
the foramen magnum area in birds. 

SUMMARY 

(1) Data on the foramen magnum area in 174 extant species belonging Id 
42 different families of buds, and the relations of the foramen magnum area 
to the body size and the brain size in 6 families and in non-Passeriformes as 
a whole were presented. 

(2) Foramen magnum area was found to be closely correlated both with the 
body size and with the brain size; the degree of correlation was similar in 
both cases. 
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(3) Foramen magnum area was found to be loss closely correlated, with the 
body size than the brain size. 

(4) Positive correlation between the foramen magnum area and the brain 
size was found to hold even after the effect of Ihe body size is removed. It 
means that higher enrephaiized birds possess a relatively more massive me¬ 
dulla than less encephalizod ones. 
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Abstract. External anatomy of the ventrolateral thoraoic region and base of 
the abdomen in three helotrephid species (Helotrephes semiglobosus StAl — Heto- 
trephinae, Helotrophini; Uistotrephes sty si Pol b emus — H., Linmotrephtni; Ttt~ 
photumas compactus PapaCek, Stys tc Tonner — Trephotomasinae) is described, 
illustrated, and compared with other N'epomorpha, particularly their aquatic groups. 
The hclotrephid models share several synapomorphies with the Pleidae. the most 
striking being (a) an overlap or contact ol the verilrai meseptmeral lobe over the 
propleuron, and (b) the presence of a wing-anchoring knob on the metepimeron. 
Some new characters unique for helotrephids have been ascertained, viz, la) fixation 
oT the hemeiytron by the hind margin of the cephalonotum, and (b) a large Uisco- 
lopodial scolopophorous organ ol the first abdominal segment. With Hs own chamber. 
The presence and position of stridulalory mechanisms are discussed. Synapomorphies 
of the Pleidae & Helotrephidae are lies ted. 

INTRODUCTION 

The riparial and aquatic suborder Ncpomorpha is often used as a model 
group of true bugs for various kinds of ecological, physiological and morpho¬ 
logical 3t udies. Special attention has been paid to the study of the morphology 
of its ventrolateral thoracic region and base of the abdomen. The results of 
studies of these body regions have been recently summarized by PapScek 
(1987) on the occasion of his investigation of Plea minutissima (Leach), a repre¬ 
sentative of a probable helot reph id sister group, the Pleidae. 

The reason for attention that is paid particularly to these body region-; is 
that they are functionally important for respiration. Their anatomy is strongly 
affected in the aquatic Hetcrop'era by the method of acquiring and maintain¬ 
ing of the air bubble external to the body and by the circulation of air within 
this bubble Various characters oT these body regions are commonly used for 
interpretation of the phylogeny of aquatic bugs. However .the structure of the 
pleural region exhibits sometimes interspecific differences, and it is also af¬ 
fected by pterygopoiymorphism. This suggests that some of the modifications 
of the lateral thoracic region represent relatively recent functional adaptations 
(Parsons, 1974) 

The Helotrephidae are a relatively small family of aquatic nepomorpham 
Heteroplera distributed in the tropics and subtropics of Africa. Asia and 
Central and South America: its species inhabit a wide range of aquatic habi¬ 
tats, from stagnant to rapidly flowing water bodies, and a\ least some specie; 
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survive* the dryinR-up of their habitats by aestivation (Papdielc. Stys 
& Tenner, 1^89). The family differs from the other Nepomorpha espec ally 
by (1) a strikingly coleopteriform body shape (less marked in the Idiocorlnacy, 
(2) presence* of ccphalonotum, (3) tendency to the reduction of antennae, and 
(4) unique modifications of the ovipositor. Cladogenet.ically, the family is 
usually interpreted as a sister group of the Pleidae (see a review of opinions 
by Papacek, Slys & Tonner (1988), review o£ classification by Stys 
& Jans son (1S83), and a partial modification of that classification by 
Pol hem us (1990). 

Almost all papers concerning hclo.rcphids are taxonomically orientated, and 
the Hdotrephidac* a-e The only aquatic heleropteran family for which no com¬ 
parative data on thoracic anatomy are available. For instance. China (1935) 
coircctly characterized the shape and structure of the so-called “prouicurai 
plate' - in differin' ta-:a ?.s seen in strictly lateral view of the prop leu ron re¬ 
gardless of what anatomical structure is actually involved. Wo confirm the 
correctness of China's observations of the shapes, but we have to disregard 
them in considering the proplouron as a whole, not just as a sclcrjte that is 
seen distorted at a convenient and easily defined angle of observation. 

In the present paper we describe the pleural regions of the thorax, and the 
thoracico-abdominal junction in ihree model species of the Helolrephidae, and 
compare the architec ure of these regions with ether nepomorphans. with 
particular attention io Che aquaic families, especially the Pleidae. The respira¬ 
tory significance of the structures concerned is only marginally noticed. We 
attempt in particular ( 1 ) to homofogize the individual structures, and ( 2 ) to 
identify characters important for the assesment of relationship. Only the spe¬ 
cies of subfamilies Trephotomasinne and Helotrephinae (Helotrephini and 
Limnotrephini) have been studied: investigation of the subfamilies Neotrephi- 
nae and Idiocoi inae is reserved for a later opportunity. 


MATERIAL AND METHODS 

Material examined. The adults of Helolrephvs semiglobosus StAl, 1859 
recorded as H. lundbEadi China. 1930 by PapSCek, Stys & Tonner (1988) — 
synonymy fide Pol hem us (1990); Helotrephinae: Helotrephini), Distotrephes 
sly si Polhemus, 19S0 <H.: Limnotrephini) and Trephotomas compactus PapaCek, Stys 
& Tonner, 1988 (Trephotomasinae), all from N. Vietnam: Tam Dao, were studied in 
detail'; larvae of the first and last species were also available. 

Methods. The material was preserved in 70% ethanol, some specimens in 
Bonin's fixative. The preserved specimens were dissected in 90% ethanol under 
a stereoscopic microscope Soft tissues were hand-removed using watchmaker for¬ 
ceps, since clearing in lactic acid (or similarly acting macerating agents) tended to 
soften and distort the skeleton. The transverse or parasagltal sections were made by 
hand, using a sharp razor blade. Separated parts of the skeleton were mounted in 
Eupnral for microscopic examination. For SEM examination the specimens were |yo- 
philized in a Leybold-IIeraeus apparatus, coated with a gold-palladium mixture In 
a Pollaron apparatus, and studied and photographed under a Testa Stereoscan 
£■?-:. 

Terminology The morphological terminology used here is partly summarized 
in Fig. 1, and derived mainly from Pap&fek (1987), Parsons (1967 1974, 1976) 
and Snodgrass Itfl27| 

*) DisfoJrppljes stijsi Polhemus. 1990 will ha\'e been described when the present 
paper will be published In the same paper by Polhemus (1990) also the syno¬ 
nymy HelotrepKrt. svmiQiobnsus StM II. lundbladi China is proposed, and the 
sublamdy Helotrephinoe is subdivided into Helotrephini and a new tribe Ltrono- 
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trephini (comprising L*mnotrephcs, Paralimnotrephes. Idiotrvphes. Tiphutreptics, 
putotrepfits Polhemus, 1990, and MLrotrephes Pap.icek, Stys & Tonner. 1989). 

OBSERVATIONS AND DISCUSSION 

General notes 

Development of Le cephalonotum as well as the coleopteroid character of 
forewings linked with a reduction of their distal portions affect the architec¬ 
ture of fhe thoracic pleuron in helotrephids which is. moreover, usually also 
modified by reduction of the hind wings prevailing in the family (Pap6£ek. 
&tys & Tonner. 1989) We have studied specimens of all the 3 spee.es 
with micropLercus. vestigial hindwings; the situation in H. semcglobosus was 
also compared with two specimens whose hindwings were not reduced. 



Fig i. Model situation of the pterothorax and first two abdominal segments of 
nepomorplien begs as illustrated by Parsons (1976, Fig. !4 A) — modified. Dia- 
gramatic lateral view. Mesothorax cut transversely, wings cut off. Heavy broken 
line indicates the position of lateral intersegmental boundary. 

Cephalonotum of H. sej/uglobosus is relatively short in terms of the Helo- 
trephidae: its hind margin does not medially reach half the length of the body. 
Forewings in specunens with reduced hindwings are near their anal margin 
(a) fused by their dorsal surface with the cephalonotum which covers their 
whole basal (axillary) region, and (b) by their ventral surface fused with the 
lateral notalal area of :he pterothorax (see Figs. 2,6 — hatched areas). Fusion 
do not occur in ‘‘macropterous" specimens. In />. stysi the ccphaSonotum rea¬ 
ches nearly half the body length and covers the basal parts of forewings up to 
half the length of the elavulus. The eephalonotum of T. corr.pacius is very 
elongate, reaching 2/3 of total body length, and covers laterally all the ptero¬ 
thorax (PI. I, Fig. 4)', extending up to the base of the abdomen. The forewings 


* The plates I and II will be found at the end of this is«ue. 



if! the 3 species are firmly and more or less Immovably attached to the body. 

Lateral areas of the pterothoraac pleuron (formed by dorsal parts of the 
merepimeron, mc-tcpisternum, and metepimeron) are shorter relative tn thp 
body length and height than in other nepomorphan Heteropiera (excepting the 
Hleidae). There are two striking invaginations, viz a "chamber of mesothoracic 
scciophorous organ- and an “air chamber of the meta:hora«'ic spiracle 11 . The 
pi eu rally situated axil bury region of hindwing is partly to entirely homo¬ 
genously selerotized excepting H. semiglobosns with non-reduced hindwings. 




Figs. 2. 3. 2 — Heiotrephes semiglobosus — pterothorax and abdomen. Lateral 
view; cephalonotum, legs and left forewing removed. Rectangle indicates the body- 
region studied. 3 — Trephotomas compactus — posterior part of cephalonotum and 
basal part of abdomen. Lateral view; legs and left forewing removed. 


Ventrally situated parts of the pterothoracic pleuron (formed largely by 
ventral and lateral lobes of the mesepimeron and metepisternum) are distinctly 
subdivided into sclerites and with a distinct, superficially resembling a single 
sclerite. and its compactness is reminiscent of the situation :n some aquatic 
beetles. 

Propleuron 

Popov (1971), who relied upon Matsuda’s (1962, 1970) opinion on the homo¬ 
logy of pleural sclerites, thought that the nepomorphan propleuron is formed by the 
epiiceron only. However, LarsCn (1945 a, b), PapuCek (1987), Parsons 
<1967) and Rieger (1976) explain this region as being formed by both the epi- 
slernum and epimeron fused to various extents, the epimeron mostly extending 
caudad as a conapacuuus lobe being the main constituent. Parsons (1967) sug¬ 
gested that tlic degree of fusion of the proepistemum with the proepimeron depends 
on feeding strategy in the group (linked with the degree of mobility of the procoxa), 
and, pragmatically, used the criterion of the degree of development of the coxal 
cleft for assessing propleural architecture. She recognized two nepomorphan groups 
in this respect, viz <l) those with an unmodified and distinct coxal cleft — Ochte- 
nw (Ochteridae). Gefastoeoris (Gelastocoridne), Notonecta (Notonectidae), and He- 
s pcroconxn (Corixidae), and (2) those with a modified coxal cleft — Brioscoma and 
Lethocertts (Belnstomatidne). Aphelocheirus (Apbeloeheiridae), Ambrysus (Naucori- 
dae), Nepa and Ranatra (Nepidae), and she noted that only in the belostomabds and 
naucortds the proplcural suprflcoxal lobe is split to some extent In the Pleldae the 
supracoxal cleft is slightly indicated hut covered by a secondary prapleural exten* 
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fion. However, the group* recognized by Parsons (1907) have no phylogenetic 
significance: the luxa sub (I) are united by plesiomorphy, while the similarities 
shared by members of group ( 2 ) ure surely portly homop’aaic. 

The archi lecture oi Die propieuron of the Helot rep hidue :s complicated by 
fusion of the head capsule with the prothorax, i.e., by evolution of the cephalo* 
•thorax. Esaki & China (1928: p. 130, Fig. la) introduced a special no¬ 
menclature for “propleural 4 * sclerites of the family, descriptive, but convenient 
and still in use. They have called the more mesaUy and vcntrally situated 
gdcrjte fringing the proacelabulum a "propleural plate'*, and more marginally 
and laterally situated sclerite a ‘‘lateral pronotal plate'\ However, there are 
substantial differences among helo.rephids in the Buuplan of the propleura. 
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Figs. 4. 5. Ffclotrcphcs scmifllobosus. 4 — Anterior part of the left side of the body. 
Ventral view, legs removed. 5 — Loft side of the pterothorax and base of abdomen 
Ventral view; eephnlothorax, legs and forewing removed. Dashed lines indicate the 
position of fhe merathoracic and first abdominal spiracles covered ir. ventral view 
by pleural sclerites. 

The •‘propleural plate" in H. semiglobosus (Fig. 4) is represented by a ri-dge- 
-like sclerite partly embracing the proacetabulum, and extending caudad Into 
two processes. The broadly triangular “lateral pronotal plate" is distinctly 
delimited from the former sclerite and is situated latcrupostcr.ad *.o it as an 
extension of -the cephalic genal plate. 

The propleuron of D. stysi (Fig. 7) is an extensive, non-subdivided. compact 
sclent.?. The raised, ridge-like part corresponding to Ihe •‘propleural plate" is 
only incipiently delimited from the “lateral pronotal plate" whose hind angle 
is situated strikingly caudad. approximately at the level of the anterior marg n 
of the metathorax. An almost identical situation obtains in T. compactus (Fig. 
8); the whole “propleural" region is concave, monolithic, without a distinct 
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border between the "propleural plate* and “lateral pronoial plate". The cuticle 
of the propleuron i>: covered in both species by a microplastron pilosity (of. 
Parsons & Hew son. 1974: p. 510, Figs. 3—8). 

The presence of the coxa) cleft, a marker of the boundary between the cpt- 
s tern urn and epimeron. was not noted in any of the examined species. Ilcnce 
the Helotrephidae fall in Parsons's (1987) 2nd group of nepomorphan 
families. characterized by a modified procoxal cleft. Homologies are difficult 
to establish here. 

In considering Ihe architecture of the helotrcphid propleuron we should take 
into account 4 major alternatives, viz: 

( 1 ) propleural plate -* proepislernuin; lateral pronotal plate = proepimeron; 

( 2 ) propleural plate — proppistemum: lateral pronotal plate - proepimeron 
& ventrally reflected part of Ihe pronutuin: 

(3) propleural plare = proepUternum & proep ; meron: lateral pronotal plate = 
ventrally reflected part of the pronotum; 

(4) propleural plate = proepimeron; lateral pronotal plate = ventrally reflected 
part of the pi-onntum. 

The lateral pronotal plate is distinctly delimited in adult H. semiglobosus, 
and it is situated apart from the propleural plate (Fig. 4); the lateral sector of 
meseoistemum is extremely extended cephalad (reaching below the lobe-sha¬ 
ped genai plate of ihe head. cf. Figs. 4. 5). separating the propleural and late¬ 
ral pronotal plates. The ventral part of the prothorax corresponding to the 
propleuron is entire, with no indication of the coxal cleft in 5th instar larvae 
of this species. On the other hand, the coxal cleft is distinct for a short stretch 
(anterolaterad :o procoxal fovea) in 5th instar larvae of T. com.pactus. where 
it is evident that the proeptsternal area of the propleuron is limited to a short 
triangular plate below the antennal tubercle of the cephalic region of the 
cephalothorax. A minute anterior to anterolateral emargination in the circum- 
coxal rim of the adults of T. compactus and D. stysi can perhaps be identified 
with the last vestige of the coxal cleft, 

Consequently, the above hypothesis (3) seems most probable, and wc inter¬ 
pret the “propleural plate” as being formed by the proepisternum (a very 
small, anterior part of the plate) & proepimeron, and the “lateral pronotal 
plate - as a ventrally reflected part of the pronotum (which might contain in 
the Limnotrephini and Trephotomasinae, afeo a lateral area of the proepi¬ 
meron). 

There are still other possible alternatives of sclerite homologies to be considered 
in the strongly apomorpliic lateral cephalothoracic region of helotrephids. One of 
them is based merely on topography (see Fig. 4): "propleural plate" as a secondary 
sclerotization of apodeir.es belonging to the xiphal apparatus (sensu Puchkova. 
1930); 'genai plate" = gennl plate s. str. fused with the proepisteroum (forming the 
caudal lobe of the former); "lateral pronotal plate" — proepimeron. 

Mesopleuron 

An -unusually extensive mesepvstcmum is characteristic of all the species 
studied; its lateral region extends in front of the ventral and lateral mesep 1 - 
meral lobes and it is produced for the most part below the “lateral pronotal 
plate*. This lateral mesepistemal part (relatively largest in II. semiglobusux, 
smallest in T. com pact us) extends cephalad up to the head, partly even in front 
of the dorsal region of the mesepimeron similarly as in the Naucondae (cf. 
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I’arsons, 1970). The mesepistornum in //. semigfobosit* bears long trichoid 
setae and continuous field of miorotrichia (PI. II. Figs. 1, 3—8). while only the 
microplastron cover is present in D. siysi and T. comparing. The ventrally 
situa'ed part of the me.sepisternum forma the roof of a ventromedially open 
air chamber of the mesothoracic spiracle: the floor and walls of this chamber 
oar partly formed by the hind lobe of the “lateral pro not al plate"' and by the 
anle-ior pa’t of the ventral mesepimcral lobe. 




Fig. 6. Htlotrephes semiglobosus. Lateral view of ventrolateral regions of ptero- 
thorax and first two abdominal segments. Hatched areas indicate a cut across the 
forewing and the area of pterothorax fused with the forewing, respectively. 

The mesepimeron is an extensive and complex sclerite (Figs. 4—10). As ir. 
the other nepomorphan* its anterodorsal part takes part in forming the meso- 
thoracic postalar bridge. The circular to ellipsoid mesothoracic sco'.opophorous 
organ is situated in the latter region; in helotrephids, similarly as in the 
Apheoicheiridae and Naucoridae (cf. Parsons, 1974) and Pleidae (cf. Pa- 
pacek. 1987). entirely surrounded by a collar-like postalar projection of the 
mesepimeron. In the dorsal part of the mesepimeron. below the above pro¬ 
jection. there is an invagination so large that in the helotrephids it can be 
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characterized as the chamber o£ ten meso thoracic scolopophorous organ. The 
orientation of Ihe surface the membrane of this organ i$ laterovcntral Ln H. 
semiglobo$us (PI. I, Fig. 1), and for the most part in ventral in D. stysi and 
T. Compact us, such orientation is shared with the Pleidae only (Papdcek, 
1987) white in the other Nepomorpha it is largely lateral. The Collar-like pro¬ 
jection is produced into an elongate lobe in D. stysi and T. cvmpactus (Figs. 
9, 10). covering Ihe scolopophorous organ in lateral view. The chamber of this 
organ is more closed in T. compactus than in the other two species, laterally 
visible as a cuneiform Crevice. 

There Is another deep invagination behind the chamber of the scolopcphorou3 
organ in a region formed by the poster odor sal part of the mesepimeron jonitly 
with the dorsal part of tine metepistemum This invagination is directed aute- 
ro-mcsallv, and functions as an air chamber of the metathoracic spiracle; it is 
broadly open in II. semiglobosus (Fig. 5], similarly as in the Pleidae. but its 
opening is narrower in D. siysi (Fig. 9), and the whole chamber is narrow, 
crevice-shaped in T. compertus (Fig. 10). 

The ventrally situated part of the mesepimeron (Figs. 4—8) is formed by its 
ventral and lateral lobes, and it is shaped as a long, broadly triangular sclerite 
(called “supracoxal lobe“ in other nepomorphans by various authors). The 
anterior margin of this sclerite has. an angularly produced edge (Figs. 4. 7, 8) 
which in D. stysi and T. compactus partly overlaps the propleuron in the 
region of the “lateral pronctal plate". This overlap is also distinct in the spe¬ 
cimens of H. semiglobosus fixed in ethanol or Bouin, but it is not apparent in 
dry material and in specimens prepared for SEM examination. The anterior 
outer angle of the ventral part of the mesepimeron is produced in anterior 
process in H. semiglobosus and D. stysi. ln Jf. semiglobosus it is club-shaped, 
and its ventral surface bears a scale-like micro sculpture (PI. II, Fig. 1) which 
may function as a component of a stridulatory apparatus. 'Hie process is 
a smooth lobe in D. stysi and it is practically indistinguishable in T. compactus. 
The hind angle of the supracoxal mesepimeral lobe reaches below the met- 
epimeron in H. semiglobosus and D. s lysi, in T. compactus even more postered, 
exceeding the latter caudally. In all the species studied this hind angle is pro¬ 
duced in a dorsally to dorsolaterally directed wing-anchoring kticb which 
jointly with Ihe dorsal edge of the supracoxal lobe of the mesepimeron (PI. II, 
Fig. 2) takes part in the fixation of the costal forewing edge by the mese- 
pimeron. 

The dorsal part of the mesepimeron is continuously covered by plastron 
microtrfehia. its ventral and lateral lobes are bare. 

M e<ta p 1 eu ron 

The sulcus separating the mesopleuron from metapleuron (corresponding to 
an internal ridge) Is laterally distinct in H. semigtobusus (Fig. 6), leas distinct 
and shifted more cephalad in D. stysi (Fig. 9) and not apparent at all in T. 
ixmpecfus, since in the latter it runs at the bottom of a narrow invagination 
of the air chamber of the metathoracic spiracle in a region covered by the 
dorsal part of the mesepimeron. 

The hind wings are mostly reduced (Figs 8. 9, 1QJ; their vestiges are mem¬ 
branous in II. semiglobosus and T. compactus which is aiso true of a small 
part of the me'apleural axillary region. Hindwing vest ires and their axHlary 
regions arc sclerotized in 1 ). stysi, and the reduced wings ore partly fused to 



the metathoracic r.olum. In those specimens of H. semifllobosus wiht n*>n- 
- reduced hmclwn^i the axillary region of metapleuron is membranous, and its 
shape and size are identical with the situation obtaining in the Pleidac (cf. 
papacek. 1987). while in the specimens with reduced bind wings the axillary 
region i? relatively long and its longitudinal axis runs in anteroposterior direc¬ 
tion. The longitudinal axis of this region is diagonal in the remaining two 
species, and il is directed dorso-caudad; its obliqueness is linked with a mode 
rate shilt of the dorsal parts of notal sclerites of the pterothorax caudad (Figs. 



Figs. 7, 8. Anterior part of the body, left side. Ventral view; legs removed. 7 — 
DUtotrephes 8 — Trephotomas eompactus. 

7n the helolrephids as well as in the other aquatic bugs and the Gelatfo- 
eoridae (cl. Parsons, I960. 1974) the dorsal area of the mesepistemum 
takes pan in forming the invagination of the air chamber of the metathoracic 
spiracle. The degree of metepisternal invagination differs: the invaginated area 
is formed by a relatively broad and for the most part lateral in H. serm- 
globostus and D. stysi, while in T. compact us (Fig. 10) it is formed by a narrow 
strip of cuticle facing cephalad to lotero-cephalad owing to a deep invagination 
of the chamber. The ventral part of the metepisternum (— ventral me*.epister¬ 
na I lobe) forms the supracoxale of thp metacoxa; its position and general shape 
m the helotrephids if similar to other nepomorphans However, while the coap¬ 
tation of the metaxupracoxale with the 2nd abdominal segment is markedly 
firm in the Plcidae (hind margin of the mctasupracoxale fitting em a rgi nations 
in the ridges of 2 nd sternum and an emargination in the anterior projection 




of the 2nd abdominal segment), it is looser in the Helotrephidae (onty a close 
attachment to the groove of abdominal projection which is broader and shal¬ 
lower than in Pica). 

A continuous layer of plastron microtrichia covers the whole ventral mot- 
episternal lobe 

The metepimeron of the nepnmorphans is a compact scleritc situated in the 
lateral meiathoracie region and taking part in forming the metathorade 
post alar bridge: this is also true of the helw.rephids. The metopimeron of H. 
sfimiglobcsus is square-shaped (similarly as in the Pleid-m) (Fig *>. P:. 1. Fig 3). 
with an anterolateral process functioning as a meta thoracic fore wing-anchoring 
knob (PI. T. Figs. 2. 3). The ventral angles of the mc.epinieron of "his specie* 
are produced in bridgo-liko projections embracing an invagination fiutclioning 
as an air chamber of ihe 1st abdominal spiracle. The projection of Ihc anterior 
angle forms jointly with the anterior edge of the metepimeroa *hc posternn 
margin of the air chamber of the metalhoracic spiracle. The basic quadran¬ 
gular shape of the metepimeron is modified in D. stysi (Fig. 9) by the invagi¬ 
nation of its anterior ventral angle under the surface* of the remaining part of 
the seierite; the sunken part thus becomes the marginal pari of the invagi¬ 
nation of the air chamber of ‘the metathoracic spiracle. Also in this species 
the metathoracic wing-anchoring knob projects lalerad cut oi the surface o( 
its metepimeron. 

The metepimeron of T. compactus (Fig. ID) is roundedly triangular and lacks 
the forew-ng-anchuring knob*. The whole anterior ventral angle has become 
part of the deep invagination of the air chamber of the metathoracic spiracle 
and Is noi defined. There is no distinct boundary between the air chamber- 
of the metathoracic and first abdominal spiracles, and both arc interconnected 
in the lateral pterothoracic region. The hind ventral metepimeral angle forms 
in this species a broadly rounded posterior projection extending more ven.rad 
than in the other two species. The hind margin of this projection :s situa.ed in 
T. cowtpactw? at :he level of the wdng-anchoring knob of the posterior corner of 
the ventral mesepuneral lobe, while it is situated considerably more caudad in 
II. semiglobostts and D. stijsi, behind the me*othoracic wir.g-anchoring knob, 
almost in the region of the 2nd abdominal segment. 

The metepimeron of the three helotrephids is covered by an almost conti¬ 
nuous layer of plastron microtrichia (PI. I, Figs. 2. 3). 

The metathoracic scolopophorous organ is variously reduced in the Helotrephidae 
(particularly its membrane), and the extent of its reduction seems to be linked 
with the degree of reduction of the hindwings and sclerotization of the originally 
membranous axillary metapleural region The organ in Nepomorpha (including the 
Pleidaei h situated in a membranous region near the upper margin of the met¬ 
epimeron below the hindwing (Larsen. 1957; Papafek, 1987; Parsons, 
197-1). This is also true of the individuals of H. semiglobosus with non-reduced hind- 
wings. and this organ, seen as small seolops knob within a depigmented cuticular 
field, is distinguishable also in helotrephids with reduced hindwings, but it is smal¬ 
ler and less differentiated. In D. stysi. within the corresponding part of the sclero- 
tized cuticle, there is only a small tubercle which can be identified as a vestige of 
the scofops knob; the membrane is absent altogether. The structure is hardly 
identifiable in T. coropactus and it merges with the surrounding membranous cutic¬ 
le; the knob ns desclerofized and non-pigmented. 

*» Almost the whole metepimeron as well as the axillary region of hindwings are 
covered by the cepha.onotuni in T compactus (cf Figs. 3, 10, and PI. I. Fig 4). 



Lateral thoiacico-abdominal junction 

General structure in the Nepomorphn. The thorncico-abdorainal 
junction is formed by fusion of the 1 st abdominal segment with the metatliorax; 
the area of fusion including the 2 nd abdominal segment Is also called a “thoracico- 
abdominal region“ (sen.su Parsons, 1976). The laterodorsal area of fusion, 
situated closely behind the 3rd thoracic phrogma, is membranous (=- -functional 
thoraeico-abdominol membrane", Parsons, 1976). This membrane is partly for¬ 
med by a desclerotized port of the 1 st abdominal teritura (dorsally and dorsolate- 



Fig, 9. Dtstotrephes slys». Lateral view of the ventrolateral regions of pterodiorax 
and first two abdominal segments. 


rally), and partly by a membranous region between the 1 st and 2 nd abdominal seg¬ 
ments (laterally): dorsal and dorsolateral parts of lergum 1 may be for the most 
part retained a.s a distinct sclerite (cf. Parsons, 1970, 1976). The thoracico-abdo¬ 
minal membrane is anteriorly continuous with the rnetathoracic postnotum (Par¬ 
sons, 1976), and its extent is variable at the genus level; owing to the existence 
of this membrane and a frequent reduction of the 1 st obdominal sternum, uhc de¬ 
limitation of the metathorax from the abdomen is indistinct. 

The lateral pari nf the thoracico-ahdominal membrane is produced caudad into 
the area of 2 nd abdominal tergum, and the scolopophorous organ* of 1 st abdominal 
segment is situated within this membranous projection. In the r.epom orphan species 
studied so far it has the shape of a small knob without a well defined surrounding 
membrane (Larsen, 1957; Papafek, 1987). 


* The term sculopophorous organ of the first abdominal segment is used here 
ard throughout lhe text lor the discolopodial organs sensu Larsen (1957). 
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The ventrolateral part of the thoracico-abdominal junction is formed by a narrow 
thoracico-abdominal sclerite (Parsons, 1970 and others) covered partly by the 
posterior lobe ol metepimeron. and partly by the anterior projection of the 2 nd 
abdominal segment. The origin of this structure is not clear Larsen (1945 a) 
takes it for part of the 1st abdominal sternum. Parsons (197$) for a derivate 
oC the metepimeron, but in her earlier papers she allowed for its abdominal origin 
and remarked that it may he partly abdominal and partly thoracic (Parsons, 
197)) Papdfek’s {19(17) opinion is that its major part Is abdominal in the 
Pleidae 

The thoracico-abdominal sclerite of many nepomorphar.s is completely or partly 
covered laterally by the anterior projection of the 2 nd abdominal segment formed 
by the laterotergite (subdivided often into ventral and dorsal laterotergites) as- 
seriated with the sternum, and pointing cephalad-like a dome or spine. This pro¬ 
jection is relatively shortest in the Corixidae (not extending cephalad onto the meta- 
thoracic region and not reaching the level of the anterior margin of abdominal 
tergum l) and longest in the Naucoroidea and Pleidae (extending onto the meta- 
thoracic region and exceeding cephalad the anterior margin of abdominal tergum 1 ). 
In latter family it even contacts the hind angle of the supracoxal inesepimeral lobe 
and is un-quely provided with a third forewing-anchoring knob (Papddek, 1967) 

Helot rephidae. The anterior projections of the 2nd obdominal seg¬ 
ment is identically constructed in all our helotrephids studied: broadly-shaped 



Pig. 10. Trflp.*M»tcmtc3 compactus. Lateral view of the ventrolateral regions of 
pterothorax and first two abdominal segments. 

extending cephalad below the metepimeron. and contacting and being even 
slightly overlapped by the hind angle of the supracoxal mesepimeral lobe. In 





ail these extreme features it resembles that of the Pleidae, only the ple.id fore- 
wing-anchoring knob is missing 

The dorsolateral area of the functional thoracico-abdominal membrane is 
developed in the Jlelntrephidac* as in other Nepomorpha. However, it is more 
extensive in the reg : on of the scolopophorous organ of the 1st abdominal seg¬ 
ment. Here in H. ‘semiylvbvusus the membrane turns into a plicate rim situated 
elofely above the anterior projection of the 2nd abdominal segment (Fig. 6. PI. 
I. Fig. 2). The rim is covered by microtriehia, and represents undoubtedly a part 

of the secondarily sclerotized thoracico-abdominal membrano. The scolo- 
pophorous organ is externally provided with a moderately expressed scolo-ps 
knob surrounded by deeply and irregulariy circularly piicrtfe membrane (bv 
a larger size arid presence of plicate the organ differs from the situation in the 
Plo’dae — cf. Papa tie k (19H7)). The organ is situated in a shallow concavi¬ 
ty and its diameter is shorter than the height of the metepirneron. 

In / J. .stysi (he seolopophorous organ is more sunken between the metepimo¬ 
ron and 2nd abdominal tergum than in the former species, and its diameter is 
somewhat larger than the height of the metepirneron (Fig. 9). Its membrane is 
plicate and attached to an irregular central structure. The situation in T. 
cimpacius resembles the mesothoradc scolopophorous organ — the central 
scolops knob is distinct, and the membrane densely radially plicate (Fig. 10; 
PI. I, Figs. 1 6). The similarity is enhanced by the presence of a partly closed 
chamher of the 'colopophorous organ of the 1st abdominal segment; its opening 
is delimited by the hind margin of the metepirneron and thp anterior edge of 
the emargination of a secondary sclerotization of the 2nd abdominal •lergum. 

The thoracico-abdominal sclerite is distinct and laterally visible in II so roi- 
ylobosus (Pi. I, Fig. 3) and D. slysi; it forms the posteroctorsal wait of 'the air 
chamber of the 1 st abdominal spiracle in the area of the poster or lobe of met- 
epimeron. Most of the surface of this sclerite faces latcrovcntrad to ventrad. and 
its cuticle is continuous with that of the abdomen mesaa of .he abdominal 
projection The rhorneico-abdominal sclerite is not visible : n lateral view in 
T. canpactus, becuuse it is covered by the posterior lobe of the metepirneron; 
most of its surface faces ventrad. 

Position of spiracles 

The mesothoraeie spiracle 

of nepomorphans (excepting the Ploidae) is situated in the Inter segmental pro- 
-mesothoracic membrane. 

However, in the 3 helotrephids it is situated intrasegmentaliy, in the sclero- 
tized region of the anterior margin of the mesepisternum (Fig. 5). In H. sertu- 
globoBus the spiracle is in the most lateral position, and it is large, ellipsoid, 
with a system of trabecular ribs. In D. slysi and T. compactus it is smaller and 
situated more m (-.sally Its mtrasegmental position in the Helot re phidae Is simi¬ 
lar to the Pleidae where the first thoracic spiracle is situated in a narrow 
sclerotized trough of the mesepisternum close to the mlersegmental membrane. 

The metathoracic spiracle. 

The second thoracic spiracle i$ metathoracic in origin, but in the Nepomorpha Is 
situated either mlers L-gniei» tally (at the border between 1 aJerovenfcrally to ventrally 
situated regions of he dorsal purls of the mesepimeron and motepi sternum) or shifted 
onto the mesmhorax. being then situated near the hind margin of the dorsal part 
of the mosopimeroti which takes part in forming the shallow deep pleural in- 



Table !. Typology of the nwluthomeio xpinvele of Nopomorphn 
Board on Parsons 11 I'ap&ok 09^t? - I’leidae). and Rawat (193ft -- Tlyoooro); for Helo- 

trepludeo ace llio text, ftiluatton in. tlie Ochteridae and Potamocoridue unknown. 


Type 


s._. 

8» 

Si 

{1) Location 

iTwiaopimoral lo 
jnieraegineutar 

inlerangmentMl 

nu*«epiincnil 

maeppimeral 

12 ) Air space into 
which It opens 

lateral 

uiter»‘gmentu) 

ventral 

inter.tegmrnt«l 

siibnlur 

lateral inter- 
segmental (and 
subalar) 

(3) Position 

iBnruvviitnil 

ventral 

lateral 

lateral to 
lateroventral 

(4) Covered by l&u>- 
r«l lobe of mci- 
• pimoton 


yea 

yes, or freely 
visible in la¬ 
teral view* 

yes 

Occurrence 

Nepidao, Belo- 
btomatidae. 

Kauuorklae 
part. (Crypho- 

NotonectklHo, 

Corixidae 

I'leidae 


Gelaatocorulbe, cricos, 
ApheLocliciri- Lmuiocons) 
das. Xauoortdoe 
part. (Ambrysus. 

Heleocorjj, Ilvo- 
coris. PoJoeoris), 
Hclotrephidae 


■*) legend: Xotonectidae: spiracle large, dorsoventrally elongate, its major part well visible in 
lateral view; Corixidae: spiracle smaller (size variable), rounded, laterally fully (Diaprepocoris) 
or partly (Corixiuae) visible or fully covered (Cymatiainae, Micronectmae) by the lateral lobe of 
tlic rnesepimeron, but always visible in dorsolateral view. 


vaglnation of the air chamber. Parsons (1074) distinguished three types of the 
nepomorphan metathoractc spiracle (termed S,, 5>o, Sj). The typology is reviewed In 
Table I; also the riparial Gelastocoildae fit the scheme. PapaCek (1987) con¬ 
cluded that the situation in P?ea mir.utissima (Leach) is a borderline case of S t -3 
or an extreme Si situation; here we prefer to classify it as a separate type S t . It 
also differs from S, by its small size and ventral position (corresponding to Ihe 
ventralmost port of the large notoneetld spiracle). 

In the three helotrephids the spiracle is interscKmental. being situated in 
u deep pleural invagination covered by the lateral lobe of the mesepimeron 
(rt. Fig. 5) and nence not visible rn laieral view. 11 is* situated laterovcntrally 
(laterally to laterovcntrally in the Plcidac) and opens into the lateral inter- 
segmental air space The degree of communication between the. lateral and 
subalar air spaces depends on the genus-specific degree of the depth of the 
invagination (shallowest and widest in H. mmiglobosus, deepest and narrowest 
in T. comportus) The spiracle is situated more ventrad than in the Pleitiae 
and its size and position arc comparable to those described and illustrated by 
Parsons (1974) in Pelcoorig femoratus (Palisot de Beauvous) and Arnbrysu* 
teutonicus La Rivers (Naucoriclae). In all respect the Helotrcphidae fall into the 
Sj group and differ considerably from Ihe Plcidac and even more from the 
Ivotonectidae. 
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Spiracle of the first abdominal segment 

is situated in most nepcenorphar.s on the thoracico-abdominal sclerite, l.e, in an 
in terser menial position in the region oi the thoracico-abdomir.a! junction. (In the 
Notonectl dae the spiracle is situated in n membrane forming u ventral continuation 
o[ the ihoracico-abtioininal sclerite. this membrane has been culled u “inctacoxal 
mebrane' by Parsons (1970), but it can possibly represent a membranous 
continuation of the thoraclco-abdomlnaJ sclerite.) One of the extreme positions, the 
most lateral and dorsal. Is exhibited by the Codxidae: their thomcievabdominai 
sclerite fS situated more dorsad (ban the posterior .obe of the tresepimreon. Turing 
smooth?/ into a functional thcuacico-abdomicia! membrane, and In some species it 
is partly on completely (secondarily?) membranous. 

The other extreme situation is exhibited by the Pleidae and llelotrephidae 
where the Us abdominal spiracle is ventral. Ir. H. xemiglotxjsus and D. xtygi 
it is situated in the dorsal wall of the air chamber which is iocaTeri ventrad of 
the meleptmeron and opens laterally in'.o the subalar air space (Figs. 6, 9; PI. 1. 
F:g. 2); either there is no communication with the air chamber of the meta- 
thoracic spiracle (bolh chambers being separated by the anterior lower angle of 
the metepimeron like in the Pletdac). or ii is realized by an extremely narrow 
crevice below the hemelytron. The air chamber of this spiracle is low and 
crewlce-shaped in T. campuctUs {Fig. 10; PI. I. Fig. 4). communicating with the 
air chamber of the metathoracic spiracle and with the subalar air space by- 
narrow air channels. The spiracle is shifted so much ventrad in the three 
species that it rs situated more mesally than the anterior projection of the 2 nd 
abdominal segment, under the posterior external angle of too ventral met- 
epinternal lobe. When the abdomen is lorn off from the thorax during dis¬ 
section the thorucico-abdominal selenite mostly remains attached to the abdo¬ 
men, and it seems to represent ar, antrolateral continuation of a narrow basi- 
abdominaf sclerotization covered by metaeoxae and possibly representing 
a reduced first abdominal sternum. Esaki & China (1927; p. 287. Figs. 6a, 
c) in fdincoriH Uthophdiis and Pas kin minitti&sima (Idiooorinae). and Miya¬ 
moto (1952; PI. 3. Figs B. F> in IS clot replies jawtosan us illustrated the 
position of the first abdominal spiracle as ventral and “strictly abdominal 1 . 

Consequently, the first abdominal spiracles of the Helotreph.dae (as well as 
those ot the Fleidae — see PapdCek (5935. 1987)1 ran be colled '‘Tnterseg- 
rnental" only by virtue of their situation on the tiioracico-abdominal scletitc 
which i* intcrsegmental by name and definition: actually, they are abdominal 
and hence intrasegmenlal, being associated with likely vestiges of the fir*-t 
abdominal segment. The lhoranco-abdominal sclerites. associated with the 
vestigial firfi abdominal sternum, can be interpreted as possible remnants of 
lalcrotergite of the firs! ubdominal segment.' 

Thoracic air stores 

The air Mores and the extent nf a renewable alr-bubbie in aquatic Heteropteru 
have been described by many authors, recently by Parsons (1976) In the Nolo- 
ncctidac ar.d Fleidae t’he air^bubble is situated on the ventral body surface and 
in the subalar space; moreover, a supra-aJar air store is maintained in the noto- 
hectids. The ventral air-bubble ot the Notonectidae is maintained by hydrofuge 
rriacrochaetae all over !ne ventral surface of the abdomen and the thorax including 
the entire vetrally situ a Led pleural area. In all PJeidae the ventral air-bubble covers 
the whole abdominal venter (beint maintained mainly by hydrofune mociotiichia), 
Hiiu either Ihe whole or only part o£ the ventral thoracic surface. In the Pnloarctlc 
Pica miutmssT7na the ventral thoracic air store i3 situated in the sternal region 
(being maintained mainly by coxal and basisternal macrotrichia) and in the ventral 
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part of the propleuron and metapSeuron (i.e. proepisternum &c proepimeron and 
ventral melepisternal l«bo) whore ii is maintained by u continuous mtcrotrichiul 
field. The air-bubble never covers the bare supracoxal mesepAmeral lobe (P a p i - 
£ e k, 19155). Such situating apparently does not occur in whole family. Oittelman 
(1975; p. 1015, Figs. 2—3) illustrated the ventral air-bubble in the Nearetie Neoplea 
itriola [Fieberl as being maintained all over the ventral surface of the thorax (in¬ 
cluding the supracoxal mesepimeral lobe) by marginal raacrotrichia (the latter are 
definitely missing in adults of Plea minutisnma). 

We could hot study the ventral air stores of the Helotrephidae in living 
specimens, and had to assess their extents according tn the distribution of 
hydrofuge macrolriehia and microtrichia (PI. II. Figs. 3 6). The situation seems 
to be identical with (abdomen) or very similar to (thorax) Plea minuiissima. 
In particular, the air-bubble cannot be maintained over the bare supracoxal 
mesep.rueral lobe (lacking both the macro- and microtrichia). In H. semi- 
globosus the air-bubble cannot cover the entirely bare surface of the lateral 
pronotal plate (supported by an illustration of the ‘"outline of the plastron 
when the insect :s submerged' 1 in Helotrephes fonnoaanus by Miyamoto 
(1952; Pi 1. Figs. A. D). On the other hand, the concave part of 'he “pro- 
pleuron" of D. stysi and T. compactus probably forms a part of the ventral air 
store. since only the marginal part of the “propleuron“ is entirely bare, even 
without microtrichia. 

The mesothoracic spiracle of the helotrephids is situated at the anterior 
margin of the mesepistemum in a region covered by microtrichia and hence 
(as in the pie ids) within the area covered by the air-bubble. The microtrichial 
field of the mesepistemum which is laterally covered by both the mesep.me- 
ral supracoxal lobe and the lateral pronotal plate mainatins in H. semiglobosus 
(and probably in all the Helotrephini?) a broad air channel connecting the 
ventral air store With the dorsolateral subalar air store as in the Pleidae. In 
D. stysi (and probably in all Limnotrephini?) and T. compactus this channel 
either does not exist at all or it is extremely narrow owing to a close union of 
the propleuron, mesepistemum and supracoxal lobe of the mesepimeron (Figs. 
7. 3); the latter alternative is more probable since the sclerites concerned are 
covered by microtrichia even on the undersurface. Another possible connection 
(as in the pleids) between the ventral thoracic and subalar air stores may be 
realized through a narrow air channel in the metacoxal region through the air 
chamber of the 1 st abdominal spiracle. 

Stridulatory apparatus 

We are uncertain about the real situation since -three different couples of 
structures (indicated A. D. C-. respectively) might be involved zi strigilation in 
the hclotrcphids. 

(A) In the Pleidae the stridulatory apparatus is formed by pcctinately ar¬ 
ranged cuticular scale-like structures on the mesepistemum (stridulitrum) and 
the hind margin of the proepimeral lobe (plectrum) according to Wef el¬ 
se held (1912) and Papacek (1985). Miyamoto (1952) remarked on 
Helotrephes fornwsanus that “The stridulatory organ, is similar to that of Plea 
in structure, but it is more closely situated to the lateral margin of the 
body .. ." (an observation based probably on Wefelscheld (1912)). Ft i e - 
ger (1976) regarded the position of the stridulatory apparatus in the Flcidae 
& Helotrephidap as a synapomorphy of these families We have found in 
H. semiglobosus an extensive area with a scale-like microsculpturc in the an:e- 


122 



rior part of the most pi ate mum (Fig 5; PI. II, Fig. 3) and on the anterior 
process of the supracoxal mesepimeral lobe, i.e., in positions corresponding to 
the stridulitrum of Plea. If the organ 1 s functional we assume that the function 
of the plectrum can be performed either by the hind margin of the lateral 
proontal plate or by the hind margin of the propleural or pronoial plate. No 
similar structures were found in D. stysi and T. compactiu. 

Pol he mus (1990) has stated that the Helolrephmi and LimnoJrephin: 
(Ilelotrcphinac) differ in the type of their stridulatory apparatus, different 
from (A) in both cases. (B); Hclotrephini: stridulitrum — serration of the costal 
margin of the hem elytron, plectrum — a distal ridge of the hind femur. (C): 
Limnotrephini: stridulitrum — a row of denticles on the dorsal surface of the 
hemelytron. plectrum — ridges.denticles under the posterior margin of the 
cephalonotum. However, Pol hem us (1990) has observed at the same time 
that the base of hemelytron of Hydroirephts (Helotrephini) is provided with 
the same (homologous) structures (C) as in the Limnotrephini, concluded that 
regardless whether these structures function us sensory organs or take part 
in strigilatlon or w ng-locking, their presence in both tribes suggests that 
-they can be considered a synapom orphic character of the subfamily Helo- 
trephinae. Pa pacek. Stys & Tonner (1988: PI. III. Fig. -1) have illust¬ 
rated a tubercular surface of the hind femur of 7'. cmvpaclus (Trephoto- 
masinac); it. Is a femoral plectrum involved in strigilatiun of the (3) type or the 
vestige of such a structure. (We cannot exclude that a quite different, unique 
stridulatory apparatus is involved; the matter is under investigation). 

The presently available data (there is no information on the Helotrephidae: 
Neotrcphinae and Idiocorinao) suggest the following distribution of structures 
considered as 'taking part in strigilation • (A) Pleidae and Helotrephmi: (B) 
Hclotrephini and possibly the Trephotomasinae; (C) Limnotrophini. (Existence 
of two different kinds of stridulatory apparatus in the Helotrephini b. however 
suspicious on a priori grounds) However, more structural and functional infor¬ 
mation is necessary for assessment of these data within the ciadisfic context. 


COMPARATIVE CONCLUSIONS 

Although many sca-ttered comparative data have already been summed up 
In the previous section, we wish to emphasize the newly discovered features 
which either document the consequences of evolution of the compact ceohalo- 
thorax and posterior extension of the cephalonotum over the pteronotum in the 
Helotrephidae. or other unique characters of this family, or point out Us 
similarity with the Pleidae. 

(1) Fixation of forewings to the cephalonotum. In Nepo- 
morpha other limn Pleoidca the posterior margin of the pronotum extends 
over thp bases of forewings usually moderately, in some cases considerably 
(eg some Corixidae), but never restricts the forewing mobility. However, in 
the Pleidae the upper surface of forewing bases is coupled with the under¬ 
surface of the extended pronotum. and the forewings are thus fixed to the 
body (Papacek, 196!)). In the helotrophids witli micropterous hindwings 
the forewings fuse with undersurface of the cephalonotum covering large 
proximal secLors of the forewings, and the latter arc immobilized and tighly 
cover the subalar space. 
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(2) Proplcuron*. The vontrally situated helolrephid propi^uran also 
probably includes part of the ventrally reflected prcno'.um which can be either 
distinctly delimited (as “lateral pronotal plate”) or amalgamated with the pro- 
cpimeron. A similar “ventral reflexion” of pronotal areas occurs in the Pleidae 
(Pa pacek. 1935; p. 205, Fig. 2). The proepimeral cuticulur area is reduced 
in the helofrephids to a small ridge-like sclerlte reflected ventrolaterad and 
forming a part u? the "propleural plate”. A similar tendency to the transfor¬ 
mation of the pioepimeron into a ridge is exhibited by the Pleidae; (rf. Pa¬ 
pa f e k, 1987) and also by the Aphcloehciridae (of. Popov. 1971; Fig -13). 
while in most of the other Nepomorpha the proepimeron has the usual helero- 
pieran shape of a flat sclerite extending caudad into a lobe (the lobe is not 
developed in the Ochteroidcu — See Popov. 1971: F:gs. 35. 30). 

(3) Shortening of the plerothorax. The dorsal parts of the 
pterolhoracic pleuntes are strongly abbreviated along the anteroposterior axis 
(a similar situation exists in the Pleidae only), undoubtedly owing to extension 
of the eephulonotum over the pterothorax: it seems as if they would be com¬ 
pressed between the expanding eephnlonotum and relatively well developed 
basal abdominal segments. Another effects excerted by the cephalotnorax on 
the pteropleuron is seen in the degree of the pleural invagination of the air 
chamber of the metathoracic spiracle — the longer the cephalonotum the 
deeper is this invagination. 

(4) Mesepimeron. The largest sclerite of the ventral region of the 
pleuron is the ventral & lateral part of the mesepimeron in both the Pleidae 
and Helotrephidae. The anterior margin of the ventral mesepimeral lobe ex¬ 
tends considerably over the propleuron in the Pleidae, but in the Helotrephidae 
it only touches it or extendings over it slightly. The air-buble is not maintained 
over the ventral part of 'the mesepimeron in the Helotrephidae and some Pleidae 
(in contrast, e.g.. to the Notonectidae). 

(5) The fore wing-anchoring knob of the ventral mesepimeral 
lobe serves for fixation of the forewing while at rest in all the Nepomorpha 
(even in those with reduced forewings, e.g., in micropterous Aphelochcirus — 
cf. Parsons (1974)). However, the forewing-anchoring knob of the met- 
epimeron is developed only in the Pleidae (cf. P s p a f e k, 19B5. 1987: Po¬ 
pov, 1971; Puchkova, 1980) and Helotrephidae. Its absence in Trephoto- 
mas compacius is autapomorphic. and its function is substituted by the fixative 
capability of the long cephalonotum extending over the metepimeron. 

(5) Metathoracic spiracle. The typology and taxonomic distribution 
of types S, -Sj has been reviewed in the descriptive part. While the spiracle of 
the Notonectidae (together with that of the Corixidae) belongs to typo S 3| the 
Pleidae posses an autapomorphic type S'„ and the Helotrephidae share type S-. 
which is probably plcsiomorphic in terras of the Nepomorpha. with most of the 
other Nepomorpha (including some of the Nnucoridae). 

(6) ThorEcico-abdominal junction exhibits in the Nepomorpha 
two extreme conditions represented by the Corividae (membrane behind the 
3rd phragma relatively broad; scolopophorous organ of the 1st abdominal 
segment very small (»- discolopodial organ), hardly distinct; spiracle of the lit 
abdominal segment extremely dorsal; not even vestiges of abdominal sternum 


•Note that some alternative homologies for the structures discussed below have 
been sucsested in the descriptive part. 
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1 present) and Helotrephidae (dorsolateral and lateral parts of the membrane 
mostly invaginated behind the* 3rd phrugma, broad only caudari to met- 
epimeren where it boars a largo Scolopophorous organ with a chamber; spirucle 
of the 1st abdominal segment extremely ventral; sternum 1 retained). 

The relatively large size of the &oolopopbor->us organ of the 1st abdominal 
segment ana particularly the apparently synapomorphie presence of its cham¬ 
ber in the HeJotrephidae are unique in He:erop!era. fn T compacms the organ 
is structurally comparable to the mesotnoraeie or.e (situated in a laterally 
covered invagination like m all he'otrephids). and it it even larger. 

The metathowric scolopophrwous organ Is reduced in the he2otrephfds (similarly 
to the situation in imcropleruus /lphetochrmts — cl. Parsons (19591) compared 
with the other nepontorphan.s obviously concomitantly with the reduction of hir.d- 
wlng* ami sclerotiration of their axillary rog.on. On tiie other hand, the iai-gc organ 
of the 1 st abdominal segment probably i* of a greater functional importance in the 
helotrephids :han in the other nopomor phans (cf.. eg.. Pragcr & Strong. tD}j2) 
owing to its broad contact with subalaT air space 

We have already argued in the descriptive p'irt that the thoraeico-abdominal 
scleiite is probably an abdominal structure, a l least in the Helotrep'n'dae and 
Pieidae. and hence the 1st abdominal spiracle actually is intrasegmenlal rather 
than inlersegmental (its intraseginental position has been noted in the first 
inslar of Plea munitissima by Cob ben, 1978). ft remains Co be seen how- 
much ,of this observation can be extended to other Nepomorpha. 

The absence of the 1st abdominal sternum (or its incorporation 
into the metathoracie endoskelelon) has often been claimed !o be a groundp)an 
character of the Heleroplera, and most of the modern students of insect nhylo- 
geny believe that it is a symapomorphy of all Acerearia (= Paraneoptera 
without Zoraptera). Stys (1985) has refuted this generalization. In Hetero- 
ptera the 1st abdominal sternum has been observed in several groups of Enico- 
cephalomorpha (references by Stys, 1985). in primitive Gerridae of the Gero- 
morpha (Matsuda, 1960; Meller-Andersen, 198-2). in Leptopodc- 
morphrt (Cob ben, 1978), and also in various Nepomorpha: in the Heio- 
trephidae {(his study). Pieidae (Flea - Papafiek, 1985. 1987; Wefel- 
scheid, 1912), Notonectidae (Notonecta — Hoppe. 1912; Buenoa — Bare. 
1928) and Xaucoridae (Ilyocoris — Hawat, 1939) Relention of this sclerile 
must be the case, since so many reversals to re-appearance of this structure 
are improbable. 

(7) Notes on relationships. Higher classification of the Heio- 
trephidac in its present form has been eaiablished by P apAcek. Stys & 
Tonne'- (1988) and Pol hem us (1990). viz 1. Ncotrephinac. 2. Trcpholo- 
maainac. 3. Helotrephinau (Heloirephini, Limnotrephini). 4. [diocormae. Fur.her 
consideration of the relationships of these taxa and final assessment whether 
the Pieidae and Helotrephiduc are adelphotaxa n:ust wait until the Neotrephi- 
nae and Idiocorinae will have been re-examined, and until new critical Heo 
tropic genera wUl have been described (J. T. Pol hem us in prep.). The 
Helolrephidae are certainly a much more variable group than the Pieidae, and 
only few helotrephid characters are uniform (e.g.. distribution of air stores) 
and show constant and possibly synapornorphic differences from the latte' 
family (e.g., type of the metathoracie spiraclp, presence of air chamber of the 
first abdominal discolopudml scolopophorous organ, aduh cepha’onotum). 

On the other hand, v.-e not doubt that the Pieidae & Helolrephidae {i.e. 



Pleoidca scnsu Stys & Jansson. J99C) are monophylctie. We can support this 
conclusion by the following incomplete list of pleoid syncipoir.orphie'; 

1. At least partial fusion of the head and prothwax, at least in larvae (for 
details see Papafiek, Stys & Tonner 4 1990). 

2. Larval atennac m*n-scgmentcd. developed as non-articulating antennal 
tubercles. 

3. Membrane of forewinga reduced (Pap£f*ek, 1985). 

4. Two pairs of leaf-like sensilla apwally on the last tarsites of all pairs of 
legs (Papa<Sek, 1985). 

5. Deep invagination of lateral surface of the pterothoracic pleura and shor¬ 
tening of the pterolhorax. 

6. Lateroventral to ventral orientation of the membrane of the mesothoracic 
scolopopnorous organ. 

7. Ventral orientation of most of the surface of the thoracico-abdominal scle¬ 
nt** as well as of the first abdominal spiracle. 

8. Additional forewing-anchoring knob present on the ntetepjmeron (secon¬ 
darily absent in the Trcphotomasinae). 

9. The ventral part of mesepimeron contacting or overlapping the propleuror.. 

10. Unpaired orifice of the larval donso- abdominal scent gland opening between 

segments 3/4 only (China, 1940). (Homnplasic loss of scent gland system: 
Ochtcroidea, Nepoidea, No toned id ae: plesiomorphic retention of gland 
orifices at three inter segmental boundaries: Corixidae; reduction to position 
3/4: Naucoroidea. .Pleoidoa; paired condition: Aphelochiridae, Naucondae 
— symplesiomorphy in terms of Naucoroidea & Plcoidca; unpaged con¬ 
dition* F’otamocoridae (cf. Coh ben, 1978) and Pleoidca — probably 
a homoplasic similarity). 

12. Body minute. 

We have recently (Papatek, Stys & Tonner, 1983) pointed out 
some characters shared by the PJeoidea and Naucoroidea and not occurring in 
the Notonectidae; to these we can add a possibly synapomorphvc presence of 
a closed collar-like projection of the dorsal mesepimera! Icbe surrounding the 
mesothoracic seolopophorous organ. Similarities in the communication of the 
metathoracic spiracle with the air stores and retention of larval dorso-abdo- 
minal gland system are, however, undoubtedly of plesiorr.oi*phic nature in 
terms of the aquatic Heterop:era. 


Explanation of figure lettering 


A 


antenna 

ABD 

= 

abdomen 

AEMu 

= 

anterior process of mesepimeron 

AP 2 


lateral anterior projection of the second abdominal segment 
(— abdominal projection of the se<x>nd abdominal segment (Par¬ 



sons, 1976) 

AX ft in 

= 

axillary region of mesothoracic wing (forewing) and metathoracic 
wine (hindwing) 

BSi. ii 


pro thoracic, mesothoracic basistecr.um 

Cue 


midstemal metathoracic carina 

CFi 

s= 

coxa) fovea of prothorax 

CFW 


clavu'.us of lorewing 

CHSui., 

ra 

air chamber of the metathoracic or first abdominal spiracle 

CN 


ceptialonotum 

CS 


campaniform scnsilac 
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cx 

dlt? 

D.L, VBMit 

D.L, V ESua 
£ 

PMni 

BSn 

FW 

GP 

HW 

Kn 

Km 

LFW 

LPP 

LR 

Ml-!l 

MP 

**ii .111 

PP 

PPni 

PSt: 

RFW 

Sji.i.i 

SC 

SCh 

SCT 

son.iu.i 

ST, 

Tj' f 

TAM 

TAS 

VLT r , 

n-m 


— mezacoxa 

*= dorsal laterotergite of adbominal segment 2 

■= dorsal, lateral and ventral lobe (part) of mcsothoraciC epimeron 
(LA VEMii -= supraroxtd lobe of mesepimeron) 

— dorsal, lateral and ventral lobe (part) of metathoracic epistemum 

— eye 

= meuitlioracie epimoron 
™ mesothoracic epi sternum 
—■ forewinp 
= g«ial plate 
= hindwing 

= wing-anchoring (forewing-anchoring) knob of the posterior comer 
of supraeoxal (ventral) mesepimeral lobe 
= tore wing-anchoring (wing-anchoring) knob of metespimeron 

— left lore wing 

= lateral pronotal plate 
= lateral ;idge ol mcsolhoracic epimeron 
membrane between pro- and niesothorax 
=* maxillary plate 

— meunnotum, me to not um 

— pro pleural (pleural) plate 

mm posterior projection or lobe of metepimeron 
= mesothoracic prescutum 
■b right fore wing 

= mesothoracic, first or second abdominal spiracle 
=* sternal carina 
—« mesothoracic scutum 
mm mesothoracic scute Hum 

= scolopophorous organ of mesothorax. metathorax or dlocolopodlal 
scolopophorous organ of abdominal segment 1 
tr: stem uni of abdominal segment 2 
»= tergum ol abdominal segments 1 , 2 
= functional thoracico-abdominal membrane 
= thoracico-abdominal sclerile 

= ventral laterotergite of abdominal segment 2 or 3 
= lateral ridge between meso- and mclathorax 
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Abstract. Scanning electron microscopy (SEM) was used lor the first time for 
examinations of the species A. tarbagan Schulz, 1931, whose systematic position has 
often been discussed in literature. For the first time the description gives the 
number of denticles in the lips, the structure of the doubled and simple papillae on 
the lips, and the surface of the body and spicules is described in greater detail. In 
the males, no rugose ornament was found around the cloaca. The eggs have a firm 
envelope without an expressive net-like structure. Given are also data about the 
systematic-taxonomic classification of A. tarbagan. 

In order to precise the knowledge about some morphological characters of 
the species A. tarbagan Schulz. 1931, and to help to solve its so of;en discussed 
taxonomical position (survey see Hartwich 1975), the SEM was used for 
the investigations. 


MATERIAL AND METHODS 

Investigations were carried out with 3 females and one male of the species A- 
tarbagan. The material was obtained from dissection of Marmota sibirica from the 
region of the Baykal basin, USSR. The material was fixed in 10% formaldehyde and 
evaluated on t3«e basis of data from Mozgovoy (1951), Ryzhikov et al. (1979) 
under an optical microscope. For SEM examinations the specimens were then de¬ 
hydrated through an ethanol series and subjected to ultrasound for one minute in 
absolute ethanol. Then they were critical-point dried, mounted on a double-side 
tape, coated with gold and examined in a Jeol JSM-Sl microscope. 

RESULTS 

Ai the end of the head part without lateral alae there were three great lips 
(Fig. 1}.’ On the internal edges of the lips there are 66—72 shallow denticles 
(Figs. 2, 3). The dorsal lip has two doubled papillae (Fig. 5), the laterovenrral 
lips have one doubled and one simple papilla (Fig. 4). The male was 43 mm 
long, the maximum width was 1.5 mm. The abdomen cf the body was curved 
vent rally, the cloaca was 0.10 mm from the end of the body (Fig. 8) There is 
no rugose or other ornamentation around the cloaca (Fig 9). There are 2 spicu¬ 
les of the some length of about 0.42 mm ended in a blunt tip (Fjg. 9). The 
sur face of the spicules is not smooth, it is undulated (Fig. 10). The female was 
110—150 nun long, the maximum width was 2 6 mm. The vulva was situated 
in the anterior fuur.th of the body. The abdomen was straight, conical, with 
an anal opening (Fig. 7). The eggs have a firm envelope without an expressive 

•The figures 1—12 (Plates I—111) will bo found at the end of this issue. 
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net-like structure (Fig. HI. On the surface of the body is a complex of stripes, 
ol which 9 — 11 stripes form u separate bundle which js divided by a marked 
groove (Figs. 11, 12), 

Notes on the taxonomy of A. turbo y un Schulz. 1931 

Opinions on the systernatic->U»xanonucal position of the species A. tarbagan 
are not uniform what is evident from the following history: 

Lins tow (1397) (ex Hartwlch 197ft) found nematodes >n Marmota 
monax (locality of the zoological gardens in Konlngsboig) which he named 
ylscaris pigmentala. It is not known if this material has been preserved. 

Leidy (1356) (ex Hartwlch 1975) described 'he species A sear is faet>is 
which the above author reported as being a parasite of marmots (Marmota) 
and ground squirrels in North America and in the USSR and which had been 
frequently found also in the Alps in Switzerland. Ho does not exclude the 
occurrence of the parasite in M. marmota in the German Alps in the same host.. 
Tincr (1951) elaborated the morphology of the r-pecies A. laev's in greater 
detail. Characteristic of this species is the male has u markedly rugose orna¬ 
mentation around the cloaca. 

Schulz (1931) described the species As cam tarbagan from rodents of the 
genus Marmota from the territory of the USSR. Ryzhikov et al. (.1979) 
reported this species to be a parasite of Marmota and the ground squirrels in 
many localities of the USSR. Contrary to A. leavis, the male of the species 
A. tar'oagan has no rugose ornamentation around the cloaca. 

Schulz (1931) described the species Ascaris joffi from Citeilus pigmaetts 
in the USSR. This species is known at the present time (only according to the 
females) from many localities of the USSR not only as a parasite of C. pig- 
mains, but also C. suslicus and C. fulvus. It differs in principle from A. turbo - 
pan in that the lips have only simple paoillae (compare Ryzhikov et al. 
1979). 

Mozgovoy (1951) presented all species of the genus Ascaris parasiting in 
rodents, with the exception of the species A. pigmentata. 

Babero (1960) considers the species A. icTbaguu to be a synonym for the 
species A. laevis. 

Sprent (1968) created the genus Bcyiiscscaris where he classified the 
species Ascaris taenia Leidy. 1856. An outstanding character distinguishing the 
genus BaylisasearU from the genus Ascaris is the rugose structure around Hie 
cloaca of the male, typical for the genus Bay lisa scans. 

Hartwich (1975) does not acknowledge the genus Baylisascaris Sprent. 
1968. He considers A. tarbagan Schulz, 1931 as a synonym for the species 
A. laavh Leidy, 1856. He assumes that the species A. joffi Schulz, 1931 .and 
A. pzgiv.entaia v. Li ns tow. 1897 could also be synonyms for A laevis. 

Ryzhikov et al. (1979) acknowledge the gem.* UayUsascaris Sprent. 1R63. 
As bona species they consider Baylisascaris laevis (Leidy. 1856). Ascaris tarba¬ 
gan, Schulz. 1931 and A. joffi Schulz. 1931. They do not mention the species 
A pigmentata v. Linstow, 1897. 


CONCLUSION 

The species A. tarbactor Schulz, 193! was examined using scanning electron 
microscopy for the iirsl time. It was confirmed that the males are markedly 
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different from the related species A. la tv is Leidy. 1&50 because males of 
A. tarbagan have no rugose structure around the cloaca. Compared with lib¬ 
rary data (see eg. T iner 1951) another difference is that on the surface of 
the eggs there is no net-like structure. 

In the species A. inrbagun, SUM has also shown the morphology and number 
of denticles on the lip;, the morphology of the lip papillae and the morphology 
of the surface of the spicules. 

Discussions have pointed to various opinions about the value of species of 
the genus Ascaris parasiting .:i rodents. The authors of the present study agree 
with those authors who consider the species A tarbagan Schulz. 1931 to be 
a bona species. They suggen that the name Ascaris piymentala v. Linstow, 189? 
be considered as nomen nudum. 
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Abstract. In 1983 and 1986. 33 309 adult earabids of 80 species and 30 genera 
were caught in pitfall traps in four apple orchards (A — unshaded, 5-year-old 
orchard with grass sod. B and C — shaded 15-year-old herbicide bareground, D — 
ecological orchard) in South Bohemia (500m a.s !.). Species typical of open, unshaded 
or little shaded biotopes prevailed Only 18 species occurred in all four orchards, 
including C of the 7 carahids typical of agrocoenoses of Central Europe. The seventh 
species was found only in orchards A and B. Species diversity was highest in the 
grassy plots A and D. with a low degree of dominance and relatively high equliabi¬ 
lity in contrast to The herbicide haregrour.ds B and especially C. Investigation into 
the effects of herbicide bareground on the qualitative and quantitative structure of 
the carabid fauna revealed a substantial decrease in the abundance of individual 
species <by about 77 n ;' y compared with the grassy orchards): diversity was only 9% 
lower. The most natural was the structure of carabid community in the ecological 
orchard. Investigations of possible .nutugration of cudominant, dominant ar.d sub¬ 
dominant species over soil surface from the environs into the orchards treated 
with chemicals did not produce any significant results. These species probably 
survive and reproduce in the orchards Herbicide bareground is less suitable for the 
survival and reproduction of carabid beetles than a grassy orchard. 


INTRODUCTION 

The use of herbicides is a common agricultural practice at the present time. 
Because of their high effectiveness herbicides are used for destroying weeds 
as well as erudioting all undesirable vegetation in some cultivated plots, above 
all orchards to prevent its competition with young tre?s for moisture available 
to roots. 

We investigated the effects of bareground in apple orchards on the qualita¬ 
tive and quantitative structure of carabid fauna. We also wanted to find out 
whether the beetles survived on the herbicide bareground, or whether the p ! cce 
of land was colonized anew every year. 

Carabid? us part of the entomofauna of pest management apple orchards 
have noi yet been investigated in Czechoslovakia, contrary to other countries. 
Most of such studies were made in Canada where 11 o 11 i d a y and Hadley 
(1579) investigated horizontal and vertical distribution of Carabidac in relation 
•o time. They found that dens'ty was highest In late summer, with mo?t beetles 
occurring in the death to 30 cm. In another study Holliday and H a g 1 e y 
(1981) investigated the effees? of sod type on the abundance and diversity of 
carabid populations. They found that neither the sod type (Festuca rubra I,., 
Lolium perenne L.) nor tillage affected the structure and diversity of the 
fauna, but affected substantially its abundance. Density was highest in a plot 
with natural sod. lowest in a tilled plot. The abundance of P. melanarius on 
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overgrown and bare ground in an applr* -orchard in the Federal Republic 
Germany was investigated by Basedow and T) 1 c k 1 e r (19C1). They found 
that in both sod types it depended on the type of weather (humidity, tempera¬ 
ture) in a given year. 

Hagley, Holliday arid Barber (1982) studied food structure in the 

carnb’.d species which arc abundant in apple orchards. Pf.erosfji-h.us inelanerius. 
Harpalvs aeneus and Amaru spp. ale readily young larvae of the- codling moth, 
which means; tnar they may be its potential predators. Lough ridge and 
Luff (1383) investigated food preferences of flarpalus a<*n<*u$ in relation to 
aphid populations. They found that it is a potential predator of aphids, depen¬ 
ding on temperature and their density. 

The family Carabidne was also included in comprehensive studies of the 
arthropodan fauna in apple orchards in Ontario (Hagley, 1971) and Cali¬ 
fornia ( A 1 t i e r i and .Schmidt, lSBn). Research carried out in Hungary, 
where a team of authors investigated the ar.hropodan fauna oi apple orchards 
including carabids (Meszaros el al. 1S5S4). was closest to Czechoslovak 
situation in the geographic and. consequently, the fauniaric resppo: Ka- 
sandrova (1070) reported on the structure of carabid fauna in apple or¬ 
chards in the Tambov and Ryazan regions of the Soviet Union in relation to 
the age and spacing of trees. 


MATERIAL AND METHODS 

Description of the investigated plots 

Four apple orchards (A. B, C. D) in the altitude oi approximately 500 m in the 
area of ChelOice (49.93 N. 14.05 E), South Bohemia were investigated In 1035 and 
1988 from April to October — N’oveirdier. 

Orchard A: 31.36 ha. With young trees planted in 1982. In contrast to soil 
surface in orchard B, most of which was shaded, the soil surface in orchard A was 
exposed to sunshine. The apple trees — Spencer. Idared, Spartan and Mustsu — 
were expected to bear fruit in 1987. The trees were 3 m apart in rows 5 m apart. 
Grass was regularly mown and left on the ground. Herbicides were applied only 
near the trees. 

Orchard B: 5.14 ha. a herbicide bare ground without any vegetation. The 
trees — Jonathan. Idared and Bt$ha Orange — w-ere planted In 1971 and spaced as 
in orchard A. In both years herbicides, fungicides, selective insecticides and ferti¬ 
lizers were applied during the growing season. 

Orchards A and B were separated by a 10 m strip of trees (mostly Qttereus robur, 
Fraxinus excelsior, Robinia pseudoacacia), with l/rfica dioica forming the herb stra¬ 
tum. 

Thirty pitfall traps were installed in each orchard, from the buffer strip into the 
orchard, under apple trees 1. 3, 5. 9, 17 and the last in the row. The same ortder 
was applied to rows. 

Orchard C : 10.16 ha of herbicide bareground. The trees — Indared, Jonathan. 
Blaha Orange and Lord Lambouroe — were planted in 1970, 3 X 5 m apart, in 1935 
they were about 2 m high and bearing fruit Soil surface was shaded. Fungicides 
(Rubigan, Venturol. Vegaflor, Sonax. Bayleton, Baycor). herbicides (Aniten combi N. 
Reglotie, Gramoxone. Ustimex, Roundup. Simazin, Zeazln) and insecticides (Zolone 
EC, Pirimor) were applied in both years of our investigations. Only 9 traps were 
installed in this orchard, five at its northern edge under the first tree in rows 1. 3. 
5. 9 and 17, and four in the first row in the same order, from the edge into the 
orchard. « 

Orchard D was situated about 3km from the village Cheldiee, a little higher 
than the other three (563 m a 5.1.). It was very small, 50 X 40 m (0.2 ha), with natural 
sod tint was not treated with chemicals (we call it ecological orchard in the follow¬ 
ing text). On two sides it bordered with a field of maize in 1985, which was turned 
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into a pest management apple orchuril in 1906. and with a meadow and a farm¬ 
house on the other two. Trees in this orchard were various cultivars of different 
apes and heights. We installed only five traps because of the small size of this plot. 


Sampling 

Material was gathered by the method of pitfall traps. One-litre preserve jars, 
15 cm deep, neck 7.3 cm in diameter were let in the ground up to the rim. A small 
roofs was placed over each Jar to protect It from flooding. The traps were filled up 
to l.-j—i s with a 4'Vo formaldehyde solution and were not baited. The traps were 



Fig. 1. Spacing of pitfall traps in orchards A and B; trees under which the traps 
were installed are accentuated. 

laid as follows: 30 in orchard A. 30 in orchard B, 9 in orchard C and 5 in orchard 
D. Three control traps were installed in the 10 m buffer strip between orchards A 
and E in the second year of this study. For the spacing of the traps see Fig. 1. 

Samples were taken nine times in 1985, on 30. 4., 17. 5.. 30. 5., 22. 6„ 19. 7., 13. 8., 
i. 9., 4. 10., 31. 10.. and eight times in 1986: 24. 4., 15. 5., 6. 6., 18. 7.. 19. 8., 22. 9.. 
26. 10. and 22. 11. In the two years we collected 33 309 carabids of 80 species and 
30 genera 


Tab. 1. Total number of c&rabki individuals and species captured 
m pitfall traps in 4 orchards 


No. 1985 1986 Total 


Tlot pi:fall 
trap* 

Spnfhrneoa 

Spacios 

Specimens 

Species 

Specimens 

Specie* 

A 

30 

12 sir. 

62 

11 722 

53 

24 039 

66 

B 

30 

2 115 

50 

3 472 

52 

5 587 

61 

C 

9 

J 402 

28 

1 277 

23 

2 679 

33 

D 

C 

477 

35 

528 

31 

1 005 

41 

Total 

74 

1G 310 

74 

15 999 

68 

33 309 

80 


Evaluation of the material 

Juccard's and Sorenson's auctions of similarity (Odum 1977) were 
used for comparing the four orchards. Simpson index of dominance (C), index 
of equitabililv (e) and Shannon-Weaver index of species diversity (H’) 







(Odum 1977) were used for comparison and characterization of species diversity 
at the localities. Per coni dominance was evaluated by a five-grade scale: eu- 
dominnnt > 10%. dominant 5 tr* 10 * 0 , subdominant 2 to 5%, reccdent 1 to 2 %. 
sutorecedent < 1 'Vo (Tisrhlpr, IMP). 

We investigated the eudominant. dominant and subdorr.inant species for possible 
immigration into the chemically treated orchards via soil surface, using Krus- 
kal-Wallls non parametric ANOVA and nonparametrlc Wllcoxon two-sample 
lest (tiokal and RohJf, 19fil). 

For finding out whether carabids preferred the same traps in both years we used 
Spearman's rank correlation coefficient (S o k a 1 and R o h i 1, 1921). 

RESULTS 

Comprehensive analysis of samples 

In total 33 309 adult carabids of 80 species and 30 genera were collected in 
the four orchards during two years. Data on the number of traps and species 
and individuals captured at individual localities, in total and in the individual 
years, ure summarized in Tabic 1. Il shows that species diversity was greatest 
in the grassy orchard A with a minimum of shade. The number of cu rabid 
beetles caught there was absolutely as well as relatively largest. Only 9% 
species less were found in orchard "B, the sliaded herbicide bareground. Howe¬ 
ver, significant was a substantially lower (by 77%) number of individuals 
caught in the same number of trap}. The number of species was lowest in 
orchard C, the shaded herbicide bareground, bur the carabids were more 
abundant there than in the similar orchard B. Diversity was surprl?!ngiy high 
in the ecological orchard D. cons id print* its very small 3ize. 

The number and diversity of carabids at each locality in both years are 
given in Table 2, and eudominant, dominant and subdominant species sit 
Table 3 

Qualitative analysis of the carabid fauna 

Altogether 80 spec es were found in trio four orchards. Surprisingly many 
species 18. belonged io the genus Amara. 7 to Carobus and Beiithidhn, 6 to 
Haf pains and Plerosfiduts, 3 lo Noihinphilus, Agonum and A bax, 2 to Badistvr, 
Calalhvs, Option us, Poec ilus and Tr«?chtuf, and 17 genera were represented by 
one species each. 

Two third of the species are characteristic ol open or little shaded biu.opea 
with a thin or thick herb stratum. 70 °-i, of them are typical or drier variants 
of I hose bioiopes. The remaining one third are species living in shrub forma¬ 
tions and woods. Consequently, these species as well as hygrophilous carabids 
of open biotopes occurred primarily ir> orchards B. C and D where trees were 
relatively high and the ground was shaded. 

The structure of the fauna corresponds to the altitude of about 500 m. Some 
thermophilous elements (A. ir.yenna, jV. pwstfhw, P. bipuslulaius, L. dtipressus) 
were mostly found in orchard A. which at the time of our investigation was 
a grassy southern slope with steppe carabid elements. The character of its 
fauna is evident in the occurrence of 18 species of Amnra. Remarkable in 
faunistic respect is the occurrence of Amara niajtfscuta and Lasinircchus discus 
which are considered rare in Bohemia. 

We analysed the carabid fauna of the four orchards by two basic breeding 
types (Tab. 2) and found that 30% of the species were of the breeding type 
with larval diapause and 70 % without it in the annua) reproduction cycle. 



Tab. 2. Oarabid pprrios and specimen* captured in four orchard plots 


Sppciea 

198.-, 

A 

1980 

B 

1985 

1980 

C 

rfl§5 

1980 

1985 

1986 

Rroc- 

Hfnj? 

tyi» 

Abar carinatn* (Huff- 5 

_ 


2 

6 




1 

o 

.46<ir j*ar<iUelcpijxtlu* (Pilt- ft 
Miikrp.5 

1 


- 

— 

— 

■— 


2 


Abase p>rraUr/u» (Tin ft.) 

— 

— 

•» 

V 

3 


— 

3 

3 

o 

Ayiiitutn rioTsatc (Pout.) 

3 

1 

4 

4 

— 

— 

_ 

_ 

n 

Aijontm mveUtri [HbM..) 

— 

1 

— 


— 

— 

_ 

_ 

(i 

Agonim aexpundafvui (1..) 

1 

2 

1 

— 

— 

— 

— 

— 

n 

A •Mira otnra (Do Oteer) 

44 

19 

4 

1 

3 

— 

1 

3 

o 

Amom oprvaria (P.iyk ) 

4 

3 



— 

— 



d 

Amaru ntdica (P<in?..» 

2 

2 

1 

1 

— 

— 


— 

d 

Amaru brfrimtr (Gyll.J 

a 

— 

— 

— 

•w 

— 

— 

_ 

d 

Amaru vommtHii* (Plinz.) 

42 

n 

— 

3 


— 

5 

i 

o 

Amom -o**ulari.i (T>oft.) 

207 

44 

C 

a 

» 


— 

— 

I 

d 

,4 war a <-ont*xror Stepb. 

2 

3 

1 

I 

— 


5 

4 

0 

Amor a r yrinota (Pane.) 

4 

l 

— 

1 

— 

— 

_ 

_ 

o 

Amara familiar/# (Duft.) 

13 

9 

5 

5 

1 

2 

3 

3 

o 

Amara in^enua (Daft.) 

6 

39 

— 

— 

— 

— 

— 

_ 

o 

Amara lunieoBio Scliiedro 

1 

— 

— 

— 

— 

— 

1 

_ 

o 

Ammo mojuMub (Cluiud.) 

2 

— 

— 

— 

— 

— 

— 

_ 

.1 

Ammo rnontivuao Sturm. 

60 

G7 

1 

2 

3 

4 

89 

58 

o 

Amara ntlida Sturm. 

— 

1 

— 

— 

1 

— 

6 

3 

o 

Amara otnla (Fab.) 

6 

11 

1 

1 

_ 

_ 

_ 

_ 

0 

Amara plebeja (Gyll.J 

3 

— 

0 

I 

— 

— 

— 

1 

o 

Amara a mil ala (Gyl!.) 

16 

4 

4 

1 

1 

— 

— 

— 

o 

Amara libialio (Payk.) 

o 

— 

— 

— 

— 

— 

— 

— 

o 

Anitodaelylu* binoUUtu (Fub.) 

110 

57 

G 

4 

— 

— 

— 

— 

o 

Asaphidton Jfavipt.# (L.) 

— 

— 

— 

— 

1 

— 

— 

— 

o 

Budwter h’piulvkJus (Fab.) 

3 

1 

13 

4 

— 

— 

1 

— 

o 

BadieUr laatrUmu Sturm. 

3 

— 

— 

15 

2 

— 

1 

— 

o 

Bembidion brurclfnte Wesm. 

— 

— 

a 

— 

— 

— 

— 

— 

o 

Bembidion gutlula (Fab.) 

— 

— 

— 

1 

— 

— 

— 

— 

o 

Bembidion lorn pray fHbst-.) 

698 

52C 

80 

524 

10 

55 

i 

15 

o 

Bembidion iti/i'Mum (Mrsh.J 

— 

— 

2 

— 

— 

— 

— 

— 

o 

Bembidion obtuoum Sort-. 

4 

IS 

— 

1 

— 

— 

— 

— 

o 

Bembidion gvtidnmacalalnrr, (L.) 

2 

— 

5 

6 

— 

a 

1 

1 

o 

Bembidion tctrawlum Say. 

— 

— 

— 

2 

— 

-v 


— 

o 

C<dalfm» fvicipet (Gooz.J 

3178 

1100 

575 

522 

510 

402 

24 

17 

d 

Calalhus melanocephalut (L.) 

221 

118 

16 

25 

29 

6 

11 

5 

d 

Oarobus c OPtHXUS Fab. 

03 

05 

10 

10 

— 

1 

5 

7 

o 

Curriuo fiabratus Payk. 

2 

— 

1 

— 

— 

— 

—. 

— 

if 

Ce.nVjua franuUaus L, 

142 

270 

34 

73 

5 

3 

2 

8 

o 

Carubus horiftai* L. 

12 

5 

14 

2 

1 

1 

9 

1 

■1 

Cnmbus n'moraiii Mull. 

1 

1 

— 

_ 


— 

17 

19 

o 

Cu"ibf7 tcheiriUri Pan?. 

— 

— 

— 

_ 

_ 

— 

1 

1 

o 

('ambus vioinceut b. 

37 

88 

21 

10 

— 

— 

1 

3 

d 

Clivnui/ossor (L.) 

10 

3 

— 

o 

1 

— 

_ 

- 

o 

Drom,u-> notahu Steph. 

— 

— 

1 

1 

— 

— 

— 

— 

o 

llarpiUus OC <icus (Fub.f 

299 

280 

4G 

94 

2G 

10 

n 


•» 

//'I rpviu-i houo&t'jt (Du ft.) 

33 

40 

— 

5 

— 

— 

— 

— 

o 

Ilarpuiu4 ialvf (L.J 

8 

0 

— 

3 

— 

— 

n 

3 

n 

Ilarpuivs rubripes (Duft.l 

*> 

• 

u 


— 

— 

1 

— 

- 

o 

Hurpului rufitart)A {Dutr.l 

"Out. 

6 

1 


“ 

" 

~ 

“ 

1 

u 
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&|twi*** 

A 

Ift85 

1980 

ft 

1985 

IftSC 

C 

103.-. 

193(1 

D 

1986 

1986 

Bree¬ 

ding 

type 

Htrrpul’in I’tnlu* (Pan*.) 

75 

177 

ft 

21 

_ 


_ 


o 

L<vfi'4rrcJtue ititfMA (Fab.) 

3 

— 

— 

— 

— 

— 

— 

— 

d 

J >!»»a rhlomeeph'iUt (IlolT., 

— 

— 

1 

— 


— 

— 

— 

o 

Kocli., P. Mull., Linz.) 

L<i*tU* ft.rmgiotM (L.) 

4 

1 

4 

— 

1 

— 

— 

— 

fl 

TikinuA dvpri'ivti (Payk.) 

— 

— 

— 

— 

— 

1 

— 

— 

0 

I.or’Crtn pilicomis (Fab.) 

137 

15 

5 

4 

1 

— 

— 

— 

0 

StfitrtileMta minuluht# (fleet.) 

3 

1 

1 

— 

I 

— 

— 

1 

o 

Nfhrin br^viroUii (Fab.) 

31 

3 

6k 

54 

164 

69 

— 

— 

d 

NtHhitrpfiilu* biffiut'ituir (Fab.) 

1 

1 

27 

32 

12 

20 

— 

— 

o 

NMh>ojih>lnt paluslrl* (Dull.) 

o 

i 

4 

11 

— 

— 

4 

a 

o 

A* othioph’1 ua piut'liuA Water It. 

4 

— 

3 

1 

— 

— 

1 

— 

0 

Qth tn’il -pMU■tav+lu* (Duft ) 

— 

— 

— 

t 

— 

— 

— 

— 

<1 

Ophortu* rttfibnrbi* (Fab.) 

1 

— 

1 

— 

— 

— 

— 

— 

d 

Panagacu* f>ijiu*"d<iCus (Fab.) 

1 

— 

— 

3 

— 

— 

— 

- 

0 

Plalynu* (tssimiii* fl'ayk.l 

— 

— 

3 

i 

1 

— 

II 

1 

0 

Fotcilus tupreiu (L.) 

922 

2161 

22 

69 

3 

4 

4 

2 

o 

PotcUu* wr tricolor Sturm. 

823 

2300 

* 

13 

13 

13 

148 

287 

0 

PseridooptconiM rvfipes (Do floor) 

3221 

1694 

127 

426 

6 

6 

3 

10 

d 

Pterasiichu# nulanarius (111.) 

1716 

2127 

837 

1415 

576 

662 

99 

49 

d 

Pitrcsltchus niger (Sohe.ll.) 

40 

57 

29 

32 

6 

5 

7 

12 

d 

Pferostichus nigriUi (Fab.) 

— 

*> 

— 

— 

— 

— 

— 

— 

0 

PlrrcsticKu4 obloTigopunctrtlus 

5 

2 

1 

— 

1 

1 

1 

1 

0 

(Fab.) 

Ptrrcstichus sfrenuitj (Panz.) 

7 

27 

4 

21 

— 

— 

— 

— 

0 

Fttrosiichua venurlis (Panz.) 

3 

10 

1 

5 

2 

6 

— 

— 

Q 

Storr.is purnicafus (Panz.) 

— 

2 

1 

2 

— 

— 

1 

— 

o 

Syvtcmue truncaUlhts (L.) 

— 

— 

— 

— 

— 

— 

2 

— 

o 

S\/nvrhu« nivalis (Panz.) 

22 

7 

2 

1 

— 

— 

1 

— 

d 

Trrrhut qtiadrutriattu (Schrk.) 

43 

1 

39 

13 

10 

1 

1 

— 

d 

Tnxhin strait, (Payk.) 

1 

3 

— 

- 

— 

2 

— 

— 

d 

Total 

12 310 11 722 

2115 

3472 

1402 

1277 

477 

62b 


No. species 

1 

62 

63 

50 

62 

28 

23 

36 

31 



o — Without larval dmpauae, d — with larval diapause, — — unstable development 


These proportions correspond with the structure of carabid fauna of open, 
unshaded or lilLle shaded biotopes in Central Europe. 

Comparison of the four orchards showed that of the 80 species only lit occ- 
uied at all four localities (Tab. 4). With the exception of Amura monf 
which is typical cf unshaded grassy vegetation in hilly and submontane areas, 
all these species range with the most abundant representatives of tire family 
in Bohemia Species inhabiting open, unshaded biotopes prevailed (A. aerma, 
D. lampros, C. juscipcs, H. aeneus, P. cuprous, P. versicolor) along with typical 
forest species {C. hortensis, P. oblnnyupunclatus) whose presence m the or¬ 
chards suggested that forest was the original biotope. Among the 18 species 
found in the four orchards there were 6 of the 7 carabids typical of Central 
European agrocoenc-ses (JaroSik and HOrka, 1986); the seventh spe¬ 
cies, Agonum dursale, was found only in orchards A and B. 
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Tftb. 3, Per cent dominance of ca rabid ajieciee in four onilinnl plots 


Plot 

1395 



1996 



A 

P8tudoophor.ua ruftpe* 

20.2 

ED 

Poecilus versicolor 

22.3 

ED 


CnlnU.ua fu&cipea 

23.8 

ED 

PoeaHuo cupreus 

18.6 

E|> 


Pte/ottt tchus melanariu* 

13.9 

ED 

Ffcroetuthus rtt'Snnanue 

lx.3 

ED 


Poeeiltu cupre us 

7.5 

II 

I’rmufovphnnuo rufipeo 

14.5 

ED 


Pot oil us versicolor 

6.7 

T> 

Cal a thus fuse.jus 

9 4 

D 


Tftmbiilion iu in pros 

5.7 

r> 

JJembidion lampros 

4.5 

SD 


aehtrus 

2.4 

SD 

Uarptilv* atntu* 

2.4 

SD 


3 R. mid 6? SR 

11.8 


Uitrabus graoulaius 

2.3 

SD 





2 li and 4:1 SR 

8.0 


B 


41.9 

ED 

1 ‘ U rot! ic h n«?w ttSui , i ir\vs 

40.9 

ED 


CnUtihtvi 

27.2 

ED 

JJembidion lamp’'/* 

15.1 

ED 


Pseueloophoi’v* rufipt* 

6.0 

t> 

Calathus fuAcipt.s 

15.0 

ED 


Bembulirtn Inn pros 

3.S 

SD 

1‘sev.doophon us r vjtpr « 

12.3 

ED 


5 tbna hrtxifilial 

3.2 

ST) 

Harptilus :eneus 

2.7 

SD 


Harpalu* asneus 

2.2 

SD 

Carabus granulotut 

2.1 

SD 


e K and 38 SR 

15.7 


2 R and 44 SR 

12.0 


0 

Plerojlichua melaiurrius 

41.1 

ED 

Plerosfichna weUmariui 

51.9 

ED 


Cal<itbus fuscijiM 

36.S 

ED 

Caiolhus Justifies 

31.5 

ED 


Xcbna brtvicolli* 

11.7 

ED 

-‘•tbrta bnticoilt) 

5.4 

D 


CakUhXiS melmtacephalus 

2.1 

SD 

ttcMbidion ttvnpros 

4.3 

SD 


2 K and 22 SR 

8.3 


2 K and 17 -SR 

7.0 


D 

Poeeil m versicolor 

31.0 

ED 

Potcihu eerricoior 

54 4 

ED 


PiefoslIcfiUi meluitariut 

20.6 

ED 

A mar a moniieeiga 

11.0 

ED 


An,arc. montivrtga 

18.7 

ED 

I'ioroeluhus metauariue 

0.3 

D 


CahUr.ui J'jscipes 

5.0 

D 

Carabus nemoralii 

3.0 

SD 


Carabvs ntmoralis 

3.6 

SD 

Calathiu fuscipe# 

3.2 

SD 


Calalhu. inclnnocephalus 

2.3 

SL» 

BembUiiou Uxmpros 

2.8 

SD 


Platynud OMtmilis 

2.3 

SD 

Pterostecho9 niger 

2.3 

SD 


6 R and 22 SR 

16.3 


3 R and 21 SR 

13.4 



As concerns The proportion of abundant heliophilous species Poecihis cupreus 
and P. versicolor, the former preferring lowlands and hilly areas, the latter 
submontane areas and mountains, P. versicolor was slightly predominant in 
orchard A and prevailed markedly in orchard D whose altiiute is 50 m higher. 


Comparison of the orchards 

Fig. 2 shows that the four orchards differed considerably in the abundance 
of carabids. The number of beetles per trap was highest in orchard A (about 
400). In orchard C there were 150 beetles trap, in orchard B we found a sub¬ 
stantial difference between the two years: 70 carabids. trap in 1935 and 115' 
.trap in 1986 (the average for both years was 93). Abundance was stable in 
orchard D with the average of 100 carabids' trap. 

For comparing the orchards we used the ecological indices given in Methods. 
Tables 5 and 6 show a great similarity between orchards A and B. less pro¬ 
nounced between A—D and B—D. and slight between A—C, B—C and C—D 
where the degree of similarity was approximately the same. 
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fnb, 4. Cftrabiil *peoi*ft fouml in all four orchards 


Spwics 

A 

Plor 

B C 

D 

Pteioatickus melanariua 

ED 

ed 

ED 

Kl> 

Calathui fusciprs 

ED 

ED 

ED 

SD 

J’oecilu* r trtwAor 

ED 

SR 

R 

ED 

r«eudc9phonu3 rufiptS 

ED 

D 

SR 

R 

B<rr.CKl io*< lampro* 

1) 

1> 

sn 

R 

Foccilut cx/pmi* 

ED 

R 

SR 

SR 

Barpatas perttu* 

SO 

SD 

R 

SR 

Atnara tnonlttwgu 

SR 

SR 

SR 

ED 

Car<'bus gTfituti'ifus 

F< 

R 

SR 

It 

Cuinlfma .wkumce jdiniim 

Pv 

SR 

R 

R 

PUriurlrehus matr 

SR 

R 

SR 

R 

Tnrhtta guttdrtafreafw 

SR 

R - 

SR 

K 

t'ririititw cotiW/me 

SR 

SR 

SR 

K 

Ainnru Pumluii-r# 

SR 

SR 

SR 

K 

Cnrrtlm * hsrrU turib* 

SR 

SR 

SR 

K 

.4 rr.ara uttna 

SR 

SK 

SR 

SR 

ficmtrU'ion tjti'idrimac.ulaSum 

SR 

SR 

SR 

SR 

Pttrontichua cbio’Vfopur.clalHa 

SR 

SR 

SR 

SR 


ED - euclorainunt. D - dominant, SD - aubdominact. R — recedenr, SR - subreceder.t 


Other comparisons showed that the index of species diversity was highest 
in piots A and D where, consequently, the degree of dom.r.ance was low and 
equitability relatively high. On the contrary, in Ihe herbicide baregrounds B 
and especially C diversity was lower, the values calculated for orchard B being 
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somewhat closer !o A. Plot C was conspicuous by its high decree of dominance 
and a less balanced representation of species. This is documented by data on 
the percentage of dominance in Tab. 2. 


Immigration 

Herbicide bare ground? affect above all the quantitative structure of earabid 
communities. Therefore, we tried to find out whether carabids can survive in 
-,uch plots, or whether they immigrate from the vicinity. Our observations 
were limited to species which cannot fly. 

Tub. 5 .Tftoanrd'B (Taj and Soronten’t iQsl quotient of similarity of rcaraViid nomm mitii'j 

in four orchard plot? 


plot 


Quotient ot 
Bircilr.rit y 

A-U 

A —C 

B -C 

A H 

r n 

—D 


C7.10 

43.49 

42.42 

50.70 

50.00 

*2.30 

Qv 

0.91 

0.61 

0.59 

0.67 

0.57 

O.ufl 


We concentrated on orchard B. herbicide bureground. using Kruskal-Walis 
nonparametric ANOVA for assessment of the immigration of carabids Into the 
orchard. We tested dispersul from the south and west by means of series of 
traps in each row. Three control traps were laid in the buffer strip between 
orchards A and B in the second year of investigation. Species found in this 
habitat are given in Tab 7 which shows that the most abundant species were 


T»t>. 0. Spar*®* diversity (H’J. «-quitabilay fe} and dominant fe) of earabid eommunirie3 

in different orohara plots 


Index 

A 

1986 

n c 

D 

A 

1986 

n c 

D 

II' 

l .o:m 

08190 

0.8426 

0.97B0 

0.8567 

0.97i 2 

0.5598 

1.4380 

e 

0 5773 

0.4S02 

0.4444 

0.6291 

0.4980 

0.5077 

0.41JI 

0.9716 

c 

0.2411 

0.2687 

0.7257 

0.1837 

0.468C 

0.2*95 

0.5733 

0.3513 


Pseudoophonus rufipcs, PterosHchus obfongopunrtatus and Cardbus hortensis. 
There was no statistically significant difference among catches in the indivi¬ 
dual scries in either direction. Orchard A was tested in the same way and with 
the same results. It follows that there was no statistically significant im¬ 
migration inlo these orchards over soil .surface. However, we must take into 
account the remnant of wood between plots A and B as a source of the more 
euryoecious forest species Pterosttchus oblongcpunctuius and Caracas hortensts, 
which were eudominant in this habitat and occurred as subreredent in both 
orchards. The ftenoecious forest species H. q uad rip u tic talus which was domi¬ 
nant in the remnant of wood was not found in either orchard. 
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Tab. 7. Cara bid apeoics occurring in atrip of wood 10 m wide Oamplccl wit h 
II pitfall traps), compariaioii with A and B 



% 

(lominannn 

A 

fi 

Psfndoop/lOnUS ruftpes 

30.4 

El) 

ED 

D 

Plt'/pvichus otloHffopwittntu* 

16.5 

ED 

SR 

SR 

C'ntubuA hortensit 

13.4 

ED 

SR 

SR 

Ilarpaiui qualripwictctus 

8.8 

D 

— 

— 

Calathus futcipis 

8.2 

D 

ED 

ED 

Xothiophilm bigutt'xS'js 

4.1 

SD 

SR 

K 

Potcilus versicolor 

3.1 

SD 

ED 

SR 

Car at M granuUaus 

2.1 

SD 

R 

K 

BembidiM Umpros 

2.1 

SD 

D 

D 

Her pal us tardus 


K 

ft 

SJi 

-ltkfx parallels pi pta'us 


K 

SK 


Car at us coivi’xue 


K 

SR 

SR 

Pleroetichiu! msAamtrivx 


K 

ED 

ED 

Culathu# mthwoctj'liutu* 


K 

K 

SR 

PovcUus CUp'CK 


K 

ED 

R 

IJn/miu* ifuattrnruu-’ilula* 


SR 

— 

— 

Pte'pstirhriif fUrtytus/s 


SR 

SR 

SR 

SUrtnis parninUu.i 


SR 

SR 

SR 

Syixvihrui nivnli# 


SR 

SR 

SR 

Xothwpltilua pahmlris 


SR 

SR 

SR 

iladisltr lacerlwua 


SR 

SR 

SR 

.1 warn atufia 


SR 

SR 

SR 

A tiara similuta 


SK 

SR 

SR 


ED — eudoiniruint, D — dominant, SD eubdominnnt. R — reoedent, SR — aubrocedont 

Immigration was investigated in orchadr C too. We tested two sets by Wil- 
eoxon's tes: of 2 independent samples. The result was the same as in plots A 
and 0, only in 11186 a difference between the two sets at a 90% level of signi¬ 
ficance was ascertained in Calathus fuscipes. However, wc must point out 
again that only species moving over the soil surface could be recorded. 

In connection with the immigration of carabids into the orchards we also 
tested whether they preferred some of the traps in the two years, us.ng 
Spearman's rank correlation coefficient (Sokal and Rnhlf. 1981) The 
result was negative, corresponding with the results of Kruskal-Walis’s and 
Wikuxon’s tost*, so that dispersal was nut confirmed in this way either. 

Aspects 

The growing season can be divided into several phases, each of them charac¬ 
terized by a somewhat different quantitative and qualitative faunal structure. 
They are termed aspects. In orchards we can distinguish the spring aspect 
when grass germinates and grows and trees blossom; it fasts till about ‘.he end 
nf June. The summer aspect follows, lasting 'till the end of August or mid- 
-Scptember. The next aspect is autumnal, with fruit getting ripe. 

Species of the developmental type without larva! diupuusc prevail in the 
spring aspect. Species diversity was much greater in the grassy orchards than 
on bareground.Hembidion lampros , Poecilus cuprcus and P. verskolar were 
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absolutely predominant in orchard A. Amnra montivaga and P. tjersicofor in 
D. Only B. lampros occurred in noticeable numbers on the herbicide bare- 
ground of orchards B and C. 

There was no* much difference among the four orchards during the summer 
a?peci; Pfcrostichus mclanarius and Pseudoophonvx nifipes were abundant in 
all. These species belong lo the developmental type including larval diapause, 




Fig. 3. Movement activity of carabids in orchard A in seasons 1985 and 1986. 

but they begin to reproduce already a: the end of spring because the gonads 
of adults do not undergo diapause. The number of adults reaches maximum 
in summer (Figs. 3. 4), which is in keeping with data from Canada and Europe. 




Fig. 4. Movement activity of carabids in orchard B in seasons 1985 and 1988. 

Calathus Juscipes prevailed from the beginning of September to Ihe end of 
November. On the herbicide baregrounds it occurred along with Nebria breci- 
coUti. These two species also belong to the developmental type with larval 
diapause, to the variant including the imaginal diapause of gonads. No domi¬ 
nant representative of the autumnal aspect was found in orchard l). The 
number of individuals (or their iocomotor activity) was rapidly decreasing. 

DISCUSSION 

In commercial apple orchards of the farming cooperative Mir Chelcice we 
found relatively many (30) species of carabids. Meszaros et al. (1934) carri- 



ed out a similar study in Hungary: for five years they studied the structure 
of arthropodan fauna in 5 apple orchards, most of which were chemically 
treated (sprayed up to 20 times a year, including 7—11 treatments with in- 
epotirirtes). Chemicals were not applied to only one control plot. The Hungarian 
team found 79 species. Considering that Hungary is a warmer country with 
Mediterranean elements *lhe number of species found in the South Bohemian 
orchards Is remarkabie K a sandro v a (1970) reported 83 species from Tam¬ 
bov and Ryazan regions of the USSR. Ilagley (1974) found repeatedly on'y 
about 40 species in untreated apple orchards in Ontario. 

Comparing the carabid faunas of the Hungarian and South Honemian or- 
chards we find th»f 33 species occur there tn both countries. The Czech eu- 
dominant. dominant and suhdominam species liembidion lamprus, Culalh its 
fuxeipes, Calaikus melanocephalus, Harvalus acnctts, Pscudoopho^uj ru/fpe*. 
Posctlus cupreus, I’ceciius versicolor, Pleroslichus melanariux snd Pterositcfcas 
niyev live in Hungarian orchards too. Analyses of carabid fauna sampled by 
light trapping in. apple orchards (Hungary — Kadur, Szenik ir&lyi, 
1S33; Federal Republic Germany — Basedow and Hick le v 1931) re¬ 
vealed sets of carabid species flying into the orchards from the v.clnity rather 
than the fauna of the orchards. 

The qualitative structure of the carabid community of apple orchards re¬ 
sembles by its most abundant species carabid communities of various agrocoe- 
noses (potato fields, hop gardens, fields of beet. corn. etc). JaroSik and 
H 0 r k a (1906) found that the bioeoenoies of all these crops in Czechoslovakia 
include 7 carabid species which may be subdominant, dominant or cudom nant. 
They are Aponum dorsale, Hembidion lampros. Ca'athus fuscipes, Harpalus 
aetuns, Poecilus cupreus. FszudoOphoiuis rufipes and Ficrcslichus mc'Auarius. 
With the exception of A. dorsale their dominance in the apple orchards 
exceeded 2 %. Intensive management apple orchards can then be regarded as 
agrocoertoses because of the structure of their carabid fauna. Kasandrova 
(1970) pointed this out. too. 

Our experimental plots differed above all in the quantitative representation 
of individual species. Comparison of the total numbers of individuals at the 
two mam localities A and B shows a considerable difference, because the num¬ 
ber in orchard 3 is lower by about 77%. Apparently, for most carabids the 
grassy orchard A was ecologically preferable to the bareground B. The absence 
of vegetatior.al cover affects In turn all stages of the trophic pyramid up to 
predators. Because the gras? in orchard A was regularly mown a*, about 14-day 
intervals and was left on the ground the beetles had shelter at daytime when 
most of them were inactive. The Canadian (Holliday and H a g I e y. 1984) 
and American (Alticri and Schmidt. 19<5n) authors also found a mar¬ 
ked difference in the number of rarabids in orchards with and without under¬ 
growth. 

The numbers of individuals caught m orchards A and B (Figs. 3 and 4) 
indicate that the applied chemicals directly affect carabids, above all during 
their development (decrease in June). Jaworska (1981) arrived at similar 
conclusions on finding chat application of Mesoramil and Scmeron to cabbage 
fields reduced the abundance of carabid species with spring activity. 

The average number nf individuals per trap in orchard D was one of the 
lowest (Fig. 2) although the plot was never treated chemically and was there¬ 
fore the most suitable from the ecological point of view. The samples may 
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have? been so small because of the grassy undergrowth that was thick through¬ 
out the growing season, impeding the movement of carabids and thus reducing 
•ho effectiveness of the traps. 

The difference between the two years of research in the numbers of captured 
individuals was very small. In 1986 wo found almost 4 % more individuals, 
but 8.5 'o fewer species, most of 'them subrecedent. 
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Abstract. Heterozygous chromosome rearrangements, which can be explained 
by Robertsonian mechanisms, were found in two specimens of free-living rodents 
Apodemus cL flavicollis and Mtcrotuu agrestis. Two small autosomes of approxima¬ 
tely the same size were involved in a presumptive centric fusion observed in a mule 
of Microtun agrestis. Two chromosomes of distinctly different size were fused in 
a female of Apodemus cl. flavicollis. A small dot-like chromosome fragment was 
regularly present in cells carrying the rearrangement. Simultaneously with the cells 
possessing the rearrangement, cells with a normal karyotype were observed in the 
bone marrow of the specimen. The karyotype variants in both specimens probably 
originated after new mutations. 


Findings of karyotypes presumed to have evolved as a consequence of muta¬ 
tions originating de novo are very rare in populations of free-living mammals 
(e.ft., Fredda 1 M58. L' a p u n 0 v a and K a r f u v o c v a 1 976. Thaler 
1078. Zima and Kr3t 1082) The probable cause of this rarity is primarily 
the low mutation rule of chromosome change? as well as the negative seiect'on 
pressure usually operating against the new rearrangement carriers. The latter 
factor is especially important jn the case of unbalanced rearrangements, and/or 
in changes with a deleterious effect manifested by decreased vitality or ferti¬ 
lity. 

Herein we report abnormal karyotypes observed jn two specimens of small 
rodents captured in free nature. Similar rearrangements have not yet boon 
found in many hundreds of specimens of those species. Therefore, we suggest 
these two karyotypes to be a result of new mutations. 

MATERIAL AND .METHODS 

A karyolypicatly abnormal specimen belonging to the genus Apodcmus was trap¬ 
ped on July !>. J886. in the locality SkaJni mlyn situuted in the Moravian Karst 
(49*20'N; 16’45'E>. The specimen appeared to be a young female (weight 7 grams, 
body length 62 mm. tail length GO mm. hind foot length 21.5 mm. auricle length 
15 mml. The sexual organs of the female were inactive and intact. Due to somatic 
immaturity, it was Put possible to exclude, without doubt, die specific pertinence 
of the animal U> Apodemus sylvaticus. Nevertheless, on morphological grounds and 
with respect to the ecological circumstances of the capture, we are inclined to belie¬ 
ve that the specimen studied belongs to Apodem us flavicollis. 

A specimen ot the field vole (Microtus agrestis) with an abnormal karyotype was 
trapped on July l, 1982. in the Siedmich prameftov Valley In the Beliansk* Tatra 
Mts. Ha'JB'N; 20'TO'E). The specimen was a mature and sexually active male 
(weight 36 grams, body length lOfimm, tail length 35 mm. hind foot length 18 mm. 
auricle length 13mm). The size of the testes averaged 13 X 7 mm. 



1 able 1. Karyotypa* uscenainod in the bone marrow Cell- of 
tlm Apcdttnut apeciroen 


karyotype characterisin'- 

no. of meta- 
pliuxM found 

% 

2m-50, lftr^ subi!iora<!*>ntiir anil dot-like 
fragment 

41 

70.7 

2n- 49. large aubmetaceiMrie and dot-liki* 
fragment 

5 

8.8 

2 n = -IS, large aubmctaccmnc and dot-like 
fragment 

1 

1.7 

&i = .V>. largo 4ubinetuneniri<! 

1 

1.7 

^ !l _49 < largo aulnni>lacHMiirii' 

1 

1.7 

j,,- 30, aeruiwiltrio chromosome— only 

9 

15.5 

total 

fix 



Slide* of somatic chromosomes of hot* specimens were prepared in the field using 
the direct bone marrow technique described by Ford and Hamerton (1956). 
Only conventionally stained chromosomes were studied and no banded karyotypes 
of sufficient quality were obtained. 

The skulls and skins of both specimens are deposited in the collections of the 
Institute o£ Systematic and Ecological Biology, CAS, in Brno. 


Treble 2. Chromosomal numlwra found in tho bone morrow cell- of 
the Mierolu* agreatia specimen 


no. of chromosomes total 



45 

4fi 

47 

48 

49 

50 


no. of motaphaftt'i 
found 

1 

2 

2 

11 

38 

1 

55 

% 

1.8 

3.6 

3-B 

20.0 

091 

1.8 



RESULTS 

Apodemus cf. flavicoihs (Plate 1 a, b)" 

50 chromosomes were found in most of the cells of the specimen from the 
Moravian Karst examined. The most frequently observed cells contained 48 
acrocentric chromosomes, one odd large submetacentric chromosome, and one 
very small, dot-like fragment. The large submetacentric chromosome and the 
dot-like fragment were also found in several cells with 48, and 49 chromoso¬ 
mes. Two cells with 49 and 50 chromosomes contained only the large submeta¬ 
centric, and the dot-like fragment was missing. In some of the cells studied, 
only 50 acrocentric chromosomes were ascertained. The large submetacentric 
chromosome as well as the dot-like fragment were never observed in these 
50 acrocentric chromosome cells. A synopsis of the quantitative distribution of 
various karyotypes in the sample of the bone marrow cells studied is presented 
in Table 1. 


•Piste I will be found at the end of this issue 
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These observations may be explained as a mosaic occurrence of two cell* 
lines in bone marrow. Some of the cells contained u normal chromosome set 
with 415 acrocentrics and, in addition, with two supernumerary (B-) elements 
The occurrence of supernumerary' chromosomes is rather frequent in Apodemus 
flavicoHis populations inhabiting the geographical region concerned. The other 
presumed cell line, occurring m the sample examined more frequently, had 
a karyotype containing a Robertsonian fusion of two chromosomes The large 
submeUuienlrie and the dot-like chromosome fragment presumably appeared as 
a consequence of this fusion, 't he other karyotypes may be considered as arti¬ 
facts originating after individual chromosome losses during preparation. 

Microtu8 agrestic (Plate I c) 

44 acrocentric aucosomes. an odd medium-sized metacentric, two small meta- 
centric auUwomes, and ordinary large sex chromosomes X and V were ascer¬ 
tained in the bone marrow cells of the specimen captured in the Deliansk^* 
Tatra Mts. The numbers of chromosomes found in the cell sample examined 
are presented In Table 2. The medium-sized metacentric was observed in all 
cells sludied. The ascertained number of aneupioid cell* did not exceed the pro¬ 
portion usually found in slides prepared by the direct treatment of bone mar¬ 
row cells. We can conclude that the bone marrow cells of the spec men studied 
contained a Robertsonurn. fusion of two autosomes of similar suxe. resulting in 
the reduction of the chromosome number (2n - 49). 

DISCUSSION 

The uitraspccific occurrence of Robertsonian fusion within the genus Apnda- 
mus is known only in the Japanese specie*. A. speciosus (Shimba and 
Kobayashi 19G9. T s u c h i y a 1979). This species is characterized by the 
presence of two parapatrically distributed karyotypic races d-ffering in a single 
Robertsonian rearrangement. In the genus Mierotus, several cases of intra- 
specific Robertsonian karyotype variation have been described (Kovalska - 
ja 1977. Fredga et al I960). 

The karyotypes reported in this study are quite unique, and comparable 
changes have not been described tn any of Ihe species concerned In our labo¬ 
ratory, we have examined the karyotype in 457 specimens of the genus Apode- 
mus, including 422 specimens of A. flavicvllis and A . sylvativuS. 44 specimens 
of these species were karyotypicaliy sludied in the locality of Skalni ml^m. We 
have investigated karyotypes of 72 specimens of Mierotus ogres!is, including 
19 specimens captured in the Siedmich pramehov Valley in the Belianske Taira 
Nil'. A large number of specimens belong r.g to these rodent species was karyo 
logically studied by various authors in different geographical regions (see 
Z i to a and Kr&l 1904 for a review) but the occurrence of any Robertsonian 
rearrangement ha* never been reported. We suggest, therefore, that the re¬ 
arrangements observed are not involved in a population polymorphism, but 
tr.ut they are products of new mutations. A somatic chromosome rearrangement 
in the specimen belonging to the genus Apodemus, and a germ cell chromoso¬ 
me rearrangement in Che specimen of Mierotus agrestis, are presumptive cau¬ 
ses of the origin of the abnormal karyotypes. 

The mosaic occurrence of a Robertsonian change jn the bone marrow cells 
of a specimen of Aporicmus cf. flavicollis brings an interesting proof of the 
mechanism of this type of rearrangement. A presumptive origin of an acentric 



or centric chromosome .fragment is supposed to result from Robertsonian 
fusions occurring through a classical translocation mechanism (John and 
Freeman 1975. Schulz-Schaeffer 1980). A rapid elimination of such 
n fragment can he expected because of its mitotic and mpiotie instability, and 
evidence of its existence is therefore usually not available. Centric fragments 
huve been found in human karyotypes (Hoehtt et al. 1970) but tn the cases 
described, the direct relationship of their presence to a Robertsonian fusion 
was not established. The finding described in the specimen of Apodevms cf. 
flavicollis represents probably the itrst empirical evidence of the actual occur¬ 
rence of these translocation products. 
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Abstract. Studied is the growth rate of river trout In 26 rivers in Bulgaria, 
compared to that of 120 rivers from its entire range The obtained result** are given 
in mean values broken down according to drainage basins. Discussed and employed 
are mure precise and easier ways for back calculations of length and weight, com¬ 
parative analysis of growth and calculation of the coefficient of condition. A critical 
analysis is presented of the biological sense of the parameters of the equation of 
Bertalanffy. 


INTRODUCTION 

Brown trout {Safrm> trutta m. fario L.) is the dominant and often only 
species inhabiting trout river in Bulgaria. In spite of this there are few data on 
its growth (Belteva, 1959; Dikov and Jankov. 1985; Jankov 
1986). 

The data presented here were collected from six river systems in Bulgaria 
from 1978 to 1982 year. 


MATERIALS AND METHODS 

TOe material was gathered during the summer and autumn from 26 rivers from 
the drainage areas of the Vacha, Chaya, Mesta, Struma. Iskar and Vit rivers, at an 
average elevation as.l. above 800 m (500—1450 m) and with gradient mostly above 
28 % n . The rive: beds were usually covered with gravel and large stones. The rivers 
are from .3 to lijtn width, 10—40 cm deep und pools were up to 60—80 cm deep. 
Oxygen content of the water Is above 8mg l' 1 , pH - 6.5 to 8.8. total hardness — 
10 to 12 6 dH\ oxldability — between 1.8 to 2.0 mg X l- J . Mean annual tempera¬ 
ture.' vary in different rivers between 4 and a "C, minimal O’C and maximum 18'C. 

Fish were caught by electric fishing using D. C. Generator. A total of 3208 sped 
mens were processed. Measured were standard length (l), Fork length (F.L.) and 
body length (I.) The following correlations were drawn- L = F.L. X • 03; L 
-- 1 X 1.13 and F.L. IX 1.09- All data on body length refers of Fork length, which 
for short is given as L. The age was established by the scales, taken from the region 
above the anal fin and above the lateral line A Dokumator, Lesegerdt (Carl Zeiss, 
Jena, DDR) was used to establish the age. at a magnification of 21 times The oral 
radii of the scales (R> were measured. 

Owing to great age differences in the growth of L as related to R (Fig I), a 
method was used for the measurement of the growth rate through back calculations 
(by Zivkov, 1980). The method was as follows: mean values of R are grouped ir. 
a mar.neT shown on Table 1. The separate equations of the relations betwper. L and 
R for each age group (or for several age groups taken together, in cases when there 
were lew specimens (Table 2). After that the values of R| front Table \ were used 
for the calculation of the values of Lj through the successive substitution in the 



formula for the first age group: the values of R? — for the calculation of the values 
of L» by formula for the second age group and so on. The values of L,, Lj and so 
on ore given as mean values for the whole population. 

The values of W were calculated in an analogous way through L. To this purpose 



Fig. I. Relationship between body length (L, mm) and oral radius of scale OR, in 
parts of the micrometer eye-piece) in different age groups (I, II...) of brown trout 
in the Vacha drainage basin. At one and the same value of R (for instance 20) 
values of L in different groups are very variable (dotted lines). 


Table 1. Grouping of average values of annual scale rings (R) and the corresponding 
back .calculated body lengths (I.) values 


Generation 

Ago 

group 

1 


Average val 

2 

ue.i of R and I- at va¬ 
rious ages 

3 4 

Number 

of 

5 specimens 

1087 

I 

Hi 

L, 





n 
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I! 

R, 

L, 

R ? 

U 



n 

15*85 

Ill 

Hj 

L, 

K, 

U 

R 3 L a 


n 

JS&4 

IV 

R, 

L, 


U 

Rs L 3 

R; L« 

n 

198:1 

V 

K. 

L. 

R* 

1 

Ra La 

Hi L, 

Ra La n 
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Table 2. Age and papulation changes of parameters of equation* L = a - bK 
end L ■> a +- bK ~ cR* (T» — body tongth. mm; Ti - radius of m:ak>, 
purl* of the micrometer eve piece) 


drainage ago groups 

bitun l f 2 “ 3' 



u, 

b 

r 

n 

a 

h 

r 

■i 

» 

Chayu 

31.43d 

8.376 

0.97 

68 

161.178 

2.348 

0 97 

30 

110.047 

VuciiB 

07.925 

6.637 

0.08 

362 

132.682 

3.597 

0 97 

257 

157.959 

2«ksr 

83.418 

3.890 

0.94 

104 

116.470 

3.867 

0.96 

84 


AJpfath 

68.811 

4.177 

0.98 

362 

137.661 

1.781 

0.84 

271 

140.503 

fjiruiiia 

00.553 

6.736 

0.99 

387 

114.739 

3.073 

0 96 

260 

ST.964 

Vit 

31i. 9D2 

6.233 

0.99 

294 

67.411 

5.638 

0 99 

283 

99.194 


equations for W-L correlations were drawn up for each age group (Table 3>. Coef¬ 
ficient k in the;*? equut:ons (W = kL ,! ) was used directly as a coefficient of con¬ 
dition. 

The parameters of the von Bertalanffy equation for linear and weight growth 
were computed after the method of Hohcndorf (1966). 

RESULTS AND DISCUSSION 

The regression analysis of the relationship between L and R clearly 
outline age differences in the increment of L as related to R. Fig. 1 dear¬ 
ly illustrates the fact that within one and the same population, at one 
and the same value of R the values of L in different groups vary consider¬ 
ably. For instance at a mean value of R = 20 parts of the micrometer eye- 
-p:ece, the value of L for the first age group was only 179 mm. for the second 
— 205 nun. for the third — 231 mm. while for the fourth to the eight, taken 
together. 251 mm. i.e. the difference was.up to 72mm. In other words older 
fish have considerably less scales. However, if we calculate L according to the 
classical method, (R = 20 parts), by means of the formula valid for lhe entire 
Vacha drainage basin. (Table 2). we obtain L = 205 mm. 

These results are the most, convincing examples in support of our view 
(Zivkov, 1930) that not taking age differences into consideration in the 
growth of L as related to R could in some cases lead to considerable errors in 
back calculations of L after R. 

Table .1. Aga nnrl population change* of parameters of equation W kb* 

(logW ^ logk + nlogL) (W - weight, g; L — body length, mm) 


<Jruu;up.* 

basin 

logk 

1* 

u iu-* 

ll 

age groups 

r lugk 

2* 

k.lO- ft 

H 

r 

3 

logk 

Clwya 

1 818 

1.32 

2.93? 

0.U98 

- 5.102 

0.09 

3.1 Hi) 

0 989 

-5 157 

Vacha 

- 4.743 

1.81 

2.919 

0.998 

—3-880 

13.00 

2.557 

0 996 

-4.669 

IeJcar 

-5.163 

0.69 

3 082 

0.996 

— 5-081 

0.83 

3.003 

0 997 


Mena 

3 108 

0.78 

3.078 

0.989 

— 4-238 

ii.78 

2.093 

0 996 

3 437 

Struma 

3.149 

0.71 

3.093 

0.998 

-4 806 

1.30 

2.906 

0.997 

-4.213 
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0.05 
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0.992 

4-862 

1.37 

2 980 

0.989 

-4.576 
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The mean value? of linear increment of river trout from various drainage 
areas arc given in Table 4. Here 'the growth rate values o£ the populations 
(drainage areas) are arranged in descending order on the basis of last value of 
L in the respective population, j.c.. on the basis of the mean values of absolute 
annual increments (with two neighbouring populations at different ages the 
classification included only both values of L of the last year of the younger 
population. 2 i v k o v. 1072). It is evident from the table that trout from the 
Chaya and Vacha drainage areas ha' the highest growth rate, and that of the 
Vit river, the lowest. For instance 1--, of trout from the Chaya drainage area is 
289 mm, while for trout from the Vit drainage area only 223 mm. Trout from 
the drainage areas of the Iskar and Mesta are almost identical. An increase of 
age in the aopulalion coincides with a tendency lowurds a full in the annual 
increment (t). Usually the greatest fall in the reduction of the values of t is 
observed between the first and second, and second and tliird year, one of the 
reasons being the sexual maturity of trout which falls in this period. 

The comparatively higher growth rate of trout in the Chaya and Vacha 
rivers can bo attributed according to the generally greater hardness of t.hc 
water of these drainage areas (4.2—12.6 dH c ). In the remaining rivers it is 
considerably lower (1.0—4.2dll r ). Frost and Brown (1973) offer a similar 
observation on (he effect of water hardness on trout growth rate. Also the 
waters of the Vacha river are characterized by stable oligosaproby (Rous- 
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sev, personal communication), which ensures an imporved food base in the 
rivers, while the remaining rivers are xenosoprnbic ( Y a n e v a, 1979, Rous- 
sev and Yaneva, personal communication). One of the reasons for thp 
comparatively slower growth rate of trout in ‘the Vit river can be seen in the 
highest- numbers of trout there — a mean value of 1708 specimens per ha. 
while the same value in the Chaya drainage area, where trout shows the 
highest growth rate, is only 530 trout per a. (Yankov, 1987). Also our ob¬ 
servations showed, that the difference in the growth rate of trout in various 
drainage areas are linked to the size, and above all the depth oi the river, the 
intensity of angling and other causes. 



, Fig. 2. WaJlord graph lor length growth of brown trout in the Vacha drainage 
basin. A — Relationship between body length of trout at t age <L,) and at t -f I age 
(Li+|). 8 — Relationship between age (t) and In (L — L-); L. k. to — parameters 
oi Bercalanffy's equation. 


Linear growth of brown trout in the studied rivets is well described by thp 
equation of Berta lanffy (see the position of plotted empirical points on the line 
in Fit?. 2. A. and the values of coefficients of correlation and mssn error in 
Table 5). It is evident from the same table, that coefficient k which according 
to some authors is an index’ of the rate of -the growth of the population, has 
the highest values in the Chaya, Vit. and Struma drainage areas, despite the 
fact that in the Vit and Struma rivers trout growth is slower. This is explained 




Tabln 4 Back-calrulated average values of body lengths, ram (in nuraeraK>r| 
ao<3 MfWiqwmling absolute annual increments (in denominator) 
of brown trout in different drainage basins 
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by the fact that the size of k is determined not only by the growth rate of the 
population, and moreover not to that extent by the growth rate, but also by 
the number of age groups in it. i.e., by its age structure. The greater the num¬ 
ber of age groups, the smaller the values of k. For instance in Vacha, with 
a population of 8 age groups, k = 0.2352 (Table 5), with seven age groups 
k -■ 0.2654. while with five age groups k * 0.3370. Hence coefficient k in the 
equation of Bertalanffy is not suitable Cor comparative studies of the growth 
rate of different populations with a different age structure. Moreover, calcul¬ 
ations with it are much more complicated than the simple classification of 
populations according to their values of L (Table 4). 


T&bW 5. Parameters of the equations L| — L« (1 — o~ q V) 1>L, 

fseo Fig 2 ) ifm rilx ij length growth of brown trout in ikllvrviit iliiiunigc bu-fius 
tr cor rotation eonffteiont; Sr, — Ktnrularil deviation) 
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We established age differences in the increase of mean weight of fishes (W r \ 
as related !.o rheir lengths (L). The coefficients k and n in the equation VV = 


loo 






— kL’ 1 (lgW = 1gk - n . lg I,), describing this relationship, has various value* 
with different age grojps (Tabic 3). For instance the values o£ n vary from 
2.360 to 3 640, i.e... by over one unit. It is generally considered that n - 3. 
which does not reflect the real regularity in the change of W as related to L. 
This is also special importance for the method employed — lor instance in 
the study of the coefficient of condition. We consider that the coefficient of 
Fulton, does not give a correct idea of the coefficient of condition. Tile correct 



Fig. 3. Relationship between body length (LJ and weight (W> (1) and its loga- 
ritmic transformation (2) of brown trout in the Vacha drainage basin. 

value is obtained if the coefficient k from the equation W - klA is used 
directly as a coefficient, computed for each age group separately Thus Table 3 
points to a tendency of an increase of the age of fish up to 3+. in all rivers 
(with, the exception of Chayc river) as well as an increase of coefficient of 
condition. With fish at the 1+age from the Vit drainage area, where the 
growth rate was slowest, it shows the lowest value .(Table 4). 

ff the relationship between W and L is described by one and the same 
equation for the whole population (Fig. 3 and Table 3), coefficient k in it may 
also serve as an index of coefficient of condition for various populations. It is 
evident from Table 3. that k has the highest value in Vacha — 1.50, while its 
lowest value is in the Vit river — 0.24, which is in accordance with the growth 
rate of river trout in these drainage areas. Fish from the Mesta and Struma 
have the same coefficient of condition. 


Table 6. Bnck-calpulatod average valuer of body weights, g (in numerator) 
and corresponding absolute annual increments (in. denominator) of brown 
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Classification of growth (brought weight of the population in decreasing 
order growth in weight (Table 6). coincides with their classification in Table 4. 
Contrary to linear annual increments values, which were largest during the 
first year (Table 4) growth through weight increments during this period was 
lowest (Table 6). During the second year the jump in the increase of weight 
increments was highest After that this tendency was much weaker. 


Table 7. Parameters of the aquations W- — W, (1 - and = b + b\V 

(«** Fig. 4 and Tab. 5): n — parameter9 from the equation* in Tab. .1 
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A close relationship which follows the equation of Berlalanffy, is observed 
between mean weights (W) and age (t), as is evident from Fig. 4 and Table 7. 
However similar conclusions can be drawn about the parameters of the cqua 
ti'jn. rie>C“ibing linear growth. Thus coefficient k (rate, index of growth) of 
the population of Vit is larger than that of other populations with the cxcep- 
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tion of the population of the Chaya river) in spite of the fact that trout in the 
Vif has the lowest growth rate (Table H). The values of the coefficients fc and 
b ob the populations from Vacha and Struma are one and the same (Table 7), 
in spite of the great difference of their absolute growth in weight (Tuble 6). 
it. is also noteworthy that with one and the same value of k and b. the values 
of W* in both drainage areas are almost doubled (between k and W», 
(L*) should be inversely proportional). Purely graphically this could be ex¬ 
plained and illuatra:ed if next to the line of weight growth of lish from Vncha 
from Fig. 1. A we plot the data for the Struma. We wall obtain a line, parallel 


I. years 

01 ? V 456789 



Fig. 4. Wallord graph for weight (W) growth of brown trout in the Vacha drai¬ 
nage basin. Symbols as in Fig. 2; 2.96 — parameter from equation in Fig. 3. 

to the first, running under it, hence it naturally will cut the bisector much 
lower, i.e. the W« value for Struma will be much lower. Biologically this phe¬ 
nomenon is explained with the larger mean values of the Struma river during 
the first and the second year (respectively 11 and 39 g) in comparison with the 
mean values of the weight of the population from the Vacha river (respectively 
19 and 79 g.) for the same period and in spite of the almost identical further 
relative growth rate (k) with both populations. 

Hence the value of W* is determined not only by the values of k (growth 
rate) or the slope (b) of line A (Fig. 4), but. also from the values of the mean 





■ starter u weight. A similar conclusion can be made for L 1 ^. These observations 
should b etaicen into consideration when we examine the biological meaning, 
^ sessmen t and application of the parameters of the equation of Bertalunffy. 

The growth rate of trout from the Chaya und Vachu river basins is the 
highest ar.d that of the Vit rivet the lowest. It is determined by water hard¬ 
ness and saprob.ty, population numbers, river depth and intensity of angling. 
Linear und weight growth are well described by the equation of Bertalanffy. 
However, coefficient k from the equation i$ not suitable for comparative 
analysis of population.- of different ages. Our method of comparative analysis 
ol populations of different ages is simpler and more precise. Considerable dif¬ 
ferences in growth of length of the body (L.), correlated to (R). scale radius, 
and weight (W), in different age groups have been observed. However, if this 
ii not taken into consideration in our method, ir. back calculations of I. by R. 
and W by L would result in serious errors. The true condition of fish is only 
obtained if the value of the coefficient of condition is based on coefficient 
k from the equation W = kL'\ calculated for each age group. 


SUMMARY 

The growth rale of trout in the rivers studied was compared with that of 
another 120 rivers in the entire areal of the species. The comparison was car¬ 
ried out as is described and discussed with the compiling and of Tables 4 and 
6. It has been established tha Ihe mean data for the linear growth of trout in 
the rivers studied in Bulgaria and in those in Greece, Turkey and Macedonia 
do not differ substantially. The position of trout in England and Ireland, as 
well as Scotland and Wales is identical. Hence the comparative analysis of such 
regions, seen as a whole. It was established, that up to the third year trout, in 
rivers in New Zealand show the highest growth rate, while the lowest was in 
Finland. The classification of the remaining countries in decreasing order ac¬ 
cording to growth rate was a follows: the USA, England and Ireland, the Bal¬ 
kan Countries. Czechoslovakia. Scotland and Wales. In higher age groups, 
however, the growth rate of trout in rivers in the USA is considerably greater 
than in comparison with the remaining rivers. Here the list runs as follows: 
England, Ireland. Czechoslovakia. Scotland and Wales, the Balkan countries. 
Finland. 
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I'apAitk M.. Styt p. & To finer M.; The ventrolateral thoracic region and thoracico- 
abdominal junction of some species of the family Helotrephidae (Heteroptera. 
Nepomorpha). 



Plate I. Helotrephes semiolobosus (Figs. 1—3) and Trephotomas compactus (Figs 
4 —6). 1 — Region of mcsothoracic scolopophorous organ; lateral view of the left 
side of body. Scale = 96 »4in. 2 — Region of the metepimeron and scolopophorous 
organ or the 1st abdominal segment; lateral view of the left side of body. Scale — 
162 nir\ 3 — Forowing-anchoring knob or metepimeron; ventrolateral view of the 
left side of body. Scale = 35 ^m. 4 — Thoradco-abdominal junction In the region 
of the scolopophorous organ of 1 st abdominal segment; lateral view of the right side 
of body. Scale = 162 ,*m. 5 — Chamber of the scolopophorous organ of the 1st 
abdominal segment; lateral view of the right side of body. Scale = 33#xm. 6 — 
Scolopophorous organ of the 1st abdominal segment in detail. Scale = Bpm. 










Papifek M., Slys P. A Tanner M.: The ventrolateral thoracic region and thoracico- 
abdominal Junction of some species of the family Helotrephidae (Hetecoptera 
Nepomorpha). 



Plate IT Helotrrphes semiglobosus (Figs. 1—6). 1 — Anterior process of mesopimeron, 
ventral view or the left side of body. Scale = 68^m. 2 — Wing-anchoring knob of 
the posterior comer <»: ventral mesepimeral lobe; lateral view of the left side of 
body. Scale =■ 130 3 — lateral part of mesepistemum in the region of stridula- 

tory apparatus; ventral view Scale = 66 ftm. 4 — Anterolateral region of meseoi- 
stcnium; ventral view. Scale = 120 am. 5, 6 — Main types of pilosity of the ventro¬ 
lateral thoracic area. Scale - 34 fun (Fig. 5), = 21 pm (Fig. 6 ). 











Plat* I. Ascatis larhagan Schulz. 1931. Fig. 1. Head with three lips (X 150). Fig 2 
Dorsal lip. detail < < 450). Fig. 3. Denticles on the lip, detail (X 1800). Fig. 4 . Doubled 
and single papllne on the laterovontral lip (X 1200). 




Tenora t\. Shalayeva ,V.: Scanning electron microscopy of Ascaris tarbagan (Nerna- 
toda) 



Plate II. Ascaris tarhaqan Schulz. 1931. FiR. 5. Doubled papila on the dorsal lip 
<X2*00). Fig 6 Eggs (X 360). Fig. 7. Abdominal end of female (X 60). 8 Abdominal 
end of male (X 90). 





Trnora F.. Sfialayeva N.: Scanning electron microscopy of Ascoris tarbagan (Nema- 
toda) 



Plate III Ascaris tarbo<]an Schulz. 1931. Fig. 9. Spiculac (X660). Fig. 10. Surface of 
the spiculae (X 2400) Fig 1! Surface of the body (X 420). Fig. 12. Surface of the 
body, detail (X 2400) 
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Platt I. s — tfnryotyi* <*r a specimen <>r /tpodemua cf. flavicollis. 2n = 50, two 
supernumerary chromosomes h Karyotype of a soecimen of Apodemus cf. flavi¬ 
collis '2n = 50, Robertsonian submetacenlric, dol-like fragment, and two super 
mimor.rv rh'.>mri<i jhp< •• — Kn-votvfv* of .1 wrimcn of Microtui aortitis. 2n = 
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